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PREFACE
The O ccu p a tio n a l  S a fe ty  and H ea lth  Act of 1970 em phasizes th e  need fo r  s ta n d a rd s  to  p r o t e c t  th e  h e a l t h  and s a f e ty  o f  w orkers  exposed to  an e v e r -  i n c re a s in g  number o f p o t e n t i a l  h aza rd s  i n  t h e i r  w orkp lace . C onsequen tly , th e  N a t io n a l  I n s t i t u t e  f o r  O ccupa tio na l  S a fe ty  and H ea lth  (NIOSH) has implemented a program to  e v a lu a te  th e  ad v e rse  h e a l th  e f f e c t s  o f w id e ly  used chem ical and p h y s ic a l  a g e n ts .  T h is  program in c lu d e s  th e  development of S p e c ia l  Hazard Reviews t h a t  s e rv e  to  su p p o rt  and complement th e  o th e r  major h e a l th  assessm en t a c t i v i t i e s  o f th e  I n s t i t u t e .
The i n t e n t  of a S p e c ia l  Hazard Review i s  to  an a ly ze  and document, from a h e a l th  s t a n d p o in t ,  th e  problems a s s o c ia t e d  w ith  a g iven  i n d u s t r i a l  chem ica l,  p ro c e s s ,  o r  p h y s ic a l  a g e n t .  G e n e ra l ly ,  a S p e c ia l  Hazard Review i s  concerned w ith  th o s e  h aza rd s  o f a  c h ro n ic  n a tu r e  such as  c a n c e r ,  m u ta g e n ic i ty ,  t e r a t o g e n i c i t y ,  o r  e f f e c t s  on r e p ro d u c t io n .  However, they  may a l s o  d e a l  w ith  o th e r  e f f e c t s  t h a t  have been i d e n t i f i e d  as  be ing  harm ful to  w orkers when th e s e  e f f e c t s  r e s u l t  from exposure  to  su b s ta n c e s  found in  th e  w orkp lace . S p e c ia l  Hazard Reviews a l s o  recommend c o n t r o l  m easu res ,  work p r a c t i c e s ,  o r  o th e r  a p p r o p r i a t e  a c t i o n  to  a s s i s t  employers in  p r o t e c t i n g  th e  h e a l th  and w e l l -b e in g  o f w o rk e rs .
Anthony R obbins, M.D.D ir e c to rN a t io n a l  I n s t i t u t e  f o r  O ccu pa tio na lS a fe ty  and H ea lth
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SYNOPSIS
T his  S p e c ia l  Hazard Review e v a lu a te s  a v a i l a b l e  in fo rm a t io n  concern ing  th e  c a r c in o g e n ic i ty  and m etabolism  o f b e n z id in e -b a se d  dyes and concludes t h a t  a l l  th e s e  dyes should  be recog n ized  as  p o t e n t i a l  human c a rc in o g e n s .
T h is  c o n c lu s io n  i s  based on ev idence  t h a t  fo u r  o f th e  dyes have r a p id l y  induced tumors i n  a n im a ls ;  t h a t  two s t u d i e s  o f  dye w orkers d em onstra te  an a s s o c i a t i o n  between b e n z id in e -b a se d  dye exposure  and b la d d e r  cancer  in  w orkers ;  t h a t  a l l  of th e  b en z id in e -b a se d  dyes thus  f a r  t e s t e d  have been m etab o lized  in  an im als  to  th e  c a rc in o g e n ,  b e n z id in e ;  and t h a t  th e  enzyme (a z o re d u c ta se )  which b re ak s  down th e s e  dyes to  b e n z id in e  i s  found in  bo th  anim als  and humans. T h is  enzyme a c t s  upon a m u l t i tu d e  o f azo compounds to  ch em ica lly  reduce and b reak  th e  azo l in k a g e  and, t h e r e f o r e ,  i t  i s  h ig h ly  p ro b ab le  t h a t  th e  a z o - l in k a g e  in  th e  as y e t  u n te s te d  b e n z id in e -b a se d  dyes i s  a l s o  c leav ed  form ing b e n z id in e .  In  a d d i t i o n ,  two c a rc in o g e n ic  i m p u r i t i e s ,  4-am inobiphenyl (an OSHA r e g u la te d  ca rc in og en )  and 2 ,4 -  diaminoazobenzene (an anim al c a rc in o g en )  have been i d e n t i f i e d  in  one commercial sampling of a b e n z id in e -b a se d  dye and may c o n t r i b u t e  to  the  c a rc in o g e n ic  p o t e n t i a l  o f  th e s e  dyes.
Dyes c o n s t i t u t e  a l a r g e  and d iv e r s e  group of chem ica ls  t h a t  have many a p p l i c a t io n s  f o r  im p ar t in g  c o lo r  to  d iv e r s e  p ro d u c ts .  More than  1,200 chem ica lly  unique and s t r u c t u r a l l y  d i f f e r e n t  dyes a r e  m anufac tured  in  the  U nited  S t a t e s ,  and an a d d i t i o n a l  800 a r e  im p orted .  Dyes a re  c l a s s i f i e d  acco rd in g  to  t h e i r  chem ical s t r u c t u r e  as w e l l  as  by th e  method of a p p l i c a t io n  in  th e  dyeing  p ro c e s s .
A m ajor c l a s s  o f dyes a r e  th o se  d e r iv e d  from b e n z id in e ,  an a ro m atic  amine acknowledged by b o th  in d u s t r y  and government as caus in g  b la d d e r  c ancer  i n  humans.
These recommendations in c lu d e  th o se  dyes c o n ta in in g  an u n s u b s t i t u te d  b e n z id in e  s t r u c t u r e  i n  t h e i r  makeup. Such dyes a re  l a r g e l y  c l a s s i f i e d  as d i r e c t  d yes ,  s in c e  they  may be a p p l ie d  d i r e c t l y  to  f a b r i c s  o r o th e r  s u b s t r a t e s  w ith o u t  p re t r e a tm e n t  o r  subsequen t p ro c e s s in g .
Of some 200 b e n z id in e -b a se d  dyes , about 30 a r e  now m arketed in  the  U nited  S t a t e s .  The most r e c e n t  e s t im a te  o f employee exposure  i s  about 79,000 w orkers i n  63 o c c u p a t io n s .  Market t r e n d s  show a d ec rea sed  usage from over 7 m i l l i o n  pounds i n  1976 to  about 3 .3  m i l l i o n  pounds in  1978. A ll  b u t  one US company has  phased ou t th e  m anufac tu re  of th e s e  d yes ,  bu t im ports  have in c re a se d  to  1 .6  m i l l i o n  pounds in  1978 i n d i c a t in g  con tin ued  worker exposure . B enz id ine-based  dyes a r e  used p r im a r i ly  to  c o lo r  t e x t i l e s ,  l e a t h e r ,  and p ap e r .  However, d iv e r s e  i n d u s t r i e s  consume 20% of th e  t o t a l .
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I . INTRODUCTION
Dyes c o n s t i t u t e  a l a r g e  and d iv e r s e  group o f chem ica ls  t h a t  have d iv e r s e  a p p l i c a t io n s  f o r  im p a r t in g  c o lo r  to  many typ es  of p ro d u c ts .  They may be b ro ad ly  d e f in e d  as w a te r - s o lu b le  chem ical su b s ta n ce s  t h a t  c o n ta in  chromophoric s t r u c t u r e s  and th u s  may be used to  c o lo r  a n o th e r  su b s ta n ce  by becoming a t ta c h e d  to  i t  by m o lecu la r  bond ing , a d s o r p t io n ,  a b s o r p t io n ,  or m echan ica l adherence .
P igm ents , in  c o n t r a s t  to  d yes ,  a r e  i n s o lu b le  and im part  t h e i r  c o lo r  to  a n o th e r  su b s tan ce  by be ing  p h y s i c a l l y  a t t a c h e d  to  o r in c o rp o r a te d  i n to  i t .  D e ta i le d  in fo rm a tio n  on dyes and pigm ents may be found in  th e  Colour Index [ 1 ] ,  a compendium of t e c h n i c a l  in fo rm a tio n  on dyes and t h e i r  u se .
The use  o f dyes d a te s  as  f a r  back as  p r e h i s t o r i c  man, b u t  th e  s y n t h e t i c  dye in d u s t r y  began in  1856 when W illiam  H. P e rk in  f i r s t  s y n th e s iz e d  th e  dye mauve [2 ] .  S ince t h a t  t im e , th e  s y n t h e t i c  dye in d u s t r y  has grown e x te n s iv e ly  in  th e  U nited  S t a t e s  as  w e l l  as in  o th e r  c o u n t r i e s .
More th an  1,200 ch em ica lly  un ique and s t r u c t u r a l l y  d i f f e r e n t  dyes a re  m anufac tured  in  th e  U nited  S t a t e s ,  and an a d d i t i o n a l  800 dyes a r e  im ported[3 ] .  Dyes a re  c l a s s i f i e d  acco rd in g  to  t h e i r  chem ica l s t r u c t u r e  as  w e l l  as  by th e  method of a p p l i c a t i o n  in  th e  dyeing p ro c e s s .  The dyes e v a lu a te d  in  t h i s  rev iew  a re  th o se  c o n ta in in g  th e  b e n z id in e  m oiety  w ith o u t  any s u b s t i t u t i o n  on th e  d ip h en y l  p o r t io n  o f th e  m o lecu le ,  i e ,  th o se  hav ing  a p a ra  diamino d iph eny l  g roup ing  in  t h e i r  s t r u c t u r a l  c o n f i g u r a t i o n .  They a re  h e r e a f t e r  r e f e r r e d  to  as b e n z id in e -b a se d  dyes .  B enz id in e-based  dyes a re  l a r g e l y  c l a s s i f i e d  as  d i r e c t  dyes ,  s in c e  they  may be a p p l ie d  d i r e c t l y  to  f a b r i c s  o r o th e r  s u b s t r a t e s  w ith o u t  p re t r e a tm e n t  o r w ith o u t  subsequen t p ro c e s s e s  t h a t  f i rm ly  a t t a c h  th e  dye to  th e  s u b s t r a t e  (m ordanting) [2 ] .  More than  200 b en z id in e -b a se d  dyes a re  l i s t e d  in  th e  Colour Index o r a r e  used com m ercially  (s ee  Appendix I I ) . Over 30 b e n z id in e -b a se d  dyes have commercial im portance  i n  th e  U nited  S t a t e s ,  a cco rd in g  to  th e  US I n t e r n a t i o n a l  Trade Commission [3 ] .  Seventeen  a re  m anufac tured  in  t h i s  c o u n try ,  a l l  by a s i n g l e  company; th e  rem ain ing  dyes a r e  a l l  im ported  (see  Appendix I I I ) .  B enz id in e -based  dyes a r e  used c h i e f l y  in  th e  l e a t h e r ,  t e x t i l e ,  and paper i n d u s t r i e s  [ 1 , 3 , 4 ] ,  b u t  th ey  a re  a l s o  used by b e a u t i c i a n s ,  c r a f t  w ork ers ,  and th e  g e n e ra l  p u b l ic  [5 ] .
The common s t a r t i n g  m a te r i a l  f o r  th e  m anufac tu re  of th e s e  dyes , b e n z id in e ,  i s  acknowledged by b o th  in d u s t r y  [6] and government (F e d e ra l  R e g i s te r  3 9 (20 ):3756-97 , Jan uary  29, 1974) to  cause  b la d d e r  c a n c e r .  T h is  i s  based on c o n s id e r a b le  ev idence  from s tu d i e s  w ith  humans as  w e l l  a s  w ith  a n im a ls .  The c a r c in o g e n ic i ty  o f b e n z id in e  was review ed by Clayson [7] and by Haley [8 ] .  The ev idence  p re se n te d  in  th o se  rev iew s d em on s tra te s  t h a t  b o th  b r i e f  and p ro longed  exposures  to  b e n z id in e  have been a s s o c ia t e d  w ith  th e  development of b la d d e r  c ance r  i n  w orkers [9 ] .
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Aromatic am ines, as  a c l a s s  of ch em ica ls ,  a r e  g e n e ra l ly  c a rc in o g e n ic .  B enzid ine  i s  an o u ts ta n d in g  ca rc in o g en  w i th in  t h i s  c l a s s ;  i t  causes cancer in  humans, r a t s ,  h a m s te rs ,  and mice [9 -2 2 ] .  The s t r u c t u r e - a c t i v i t y  r e l a t i o n s h i p  between a ro m atic  amines and c a rc in o g e n ic  potency  has been reviewed in  d e t a i l  [1 2 ,2 3 ,2 4 ] .  In  a d d i t i o n ,  b e n z id in e  has a l s o  been used as  a r e f e r e n c e  mutagen (a known p o s i t i v e  c o n t ro l )  f o r  s e v e r a l  y e a rs  by th e  Huntingdon Research  C enter [2 5 ] .  In  l i g h t  of a l l  th e  e x te n s iv e  ev idence  in  bo th  humans and e x p e r im en ta l  a n im a ls ,  NIOSH recommended in  1973 t h a t  b e n z id in e  be r e g u la te d  as  a c a rc in o g e n ;  i n  1974, th e  O ccupa tion a l  S a fe ty  and H ea l th  A d m in is t r a t io n  of th e  Department of Labor prom ulgated a r e g u la to r y  s ta n d a rd  f o r  b e n z id in e .
U n t i l  r e c e n t l y  th e r e  had been l i t t l e  concern  r e g a rd in g  th e  dyes d e r iv e d  from and which c o n ta in  b e n z id in e  as  an i n t e g r a l  p o r t io n  o f t h e i r  chemical s t r u c t u r e .  B enz id ine  ch em ica lly  u n i t e d  to  o th e r  su b s ta n c e s  was not co n s id e red  dangerous;  i n  1959, B i l l ia rd -D u c h e sn e  [26] s t a t e d  th e r e  was "no danger i n  u s in g  th e  f in i s h e d  d y e s ."  Only r e c e n t l y  has  th e r e  been s e r io u s  c o n s id e r a t io n  g iv en  to  th e  l ik e l i h o o d  t h a t  p ro c e s s e s  in  th e  body could  f r e e  th e  b e n z id in e  t h a t  was o r i g i n a l l y  used in  th e  m anufac tu re  of th e  dyes [2 7 ] .  The p ro cess  o f m e ta b o l iz in g  o r  c o n v e r t in g  a su b s ta n c e  back to  a s t a r t i n g  component o r to  a n o th e r  compound i s  commonly r e f e r r e d  to  as b io t r a n s f o r m a t io n .
In  A p r i l  1978, NIOSH [28] and th e  N a t io n a l  Cancer I n s t i t u t e  (NCI) j o i n t l y  recommended t h a t  t h r e e  w ide ly  used b en z id in e -b a se d  dyes (D ire c t  Black 38, D i r e c t  Blue 6 , and D ire c t  Brown 95) be hand led  as i f  they  were c a rc in o g e n s .  The NIOSH/NCI recommendation was based on two m ajor f in d in g s .  F i r s t ,  NCI had determ ined  i n  a s h o r t - te r m  anim al fe e d in g  s tud y  t h a t  r a t s  a d m in is te red  th e  above dyes developed a h ig h  in c id e n c e  of hepatocarc inom as and n e o p la s t i c  n odu les  in  5-13 weeks. No s i m i l a r  l e s io n s  developed in  c o n t r o l  an im als  [2 9 ] .  Second, NIOSH f i e l d  s t u d i e s  dem onstra ted  t h a t  some w orkers who had been exposed to  th e s e  dyes had b e n z id in e  in  t h e i r  u r in e  [2 7 ] .  The amount found in  th e  u r in e  was g r e a t e r  th an  could  be expec ted  from b e n z id in e  c o n tam in a tio n  i n  th e  d yes . T h is  dem onstra ted  t h a t  th e  dye i t s e l f  had broken  down, r e l e a s i n g  b e n z id in e .
S ince  t h a t  t im e ,  NIOSH has  examined and e v a lu a te d  th e  a v a i l a b l e  l i t e r a t u r e  concern ing  th e s e  and r e l a t e d  d yes . T h is  S p e c ia l  Hazard Review a p p ra i s e s  th e  c a rc in o g e n ic  p o t e n t i a l  of th o se  dyes known to  c o n ta in  the  u n s u b s t i t u te d  b e n z id in e  m o ie ty .
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II. CHARACTERISTICS OF BENZIDINE-BASED DYES
Chemical and P h y s ic a l  C h a r a c t e r i s t i c s
At room te m p e ra tu re ,  b e n z id in e -b a se d  dyes a re  a l l  c o lo re d  s o l i d s  w ith  n e g l i g i b l e  vapor p r e s s u re .  The s p e c i f i c  w a te r  s o l u b i l i t y  v a r i e s  from dye to  dye , bu t  a l l  a r e  s u f f i c i e n t l y  w a te r - s o lu b le  to  be used f o r  dyeing  in  an aqueous s o lu t io n .  They a r e  a l l  r e l a t i v e l y  s t a b l e  in  a i r  o r  s o lu t io n  a t  ambient te m p e ra tu re s ,  and p o ss e s s  c o n s id e r a b le  f a s t n e s s  to  l i g h t .  U nlike  some of th e  an th raqu in o n e  v a t  dyes ,  b e n z id in e -b a se d  dyes do no t a c c e l e r a t e  th e  te n d e r in g  of c e l l u l o s i c  type  f a b r i c s  under th e  in f lu e n c e  of l i g h t  [30 ] .  They exhaus t  onto (combine w ith )  c e l l u l o s i c  f i b e r s  from a s a l t  b a th  w ith o u t  o th e r  t r e a tm e n t .  Based on t h i s  p r o p e r ty ,  th e s e  dyes a r e  c a l l e d  s u b s ta n t iv e[4 ] .  They u s u a l ly  c o n ta in  two o r  t h r e e  azo g ro ups .
D i re c t  dyes g iv e  e x c e l l e n t  coverage and g e n e ra l ly  do n o t o th e rw ise  a l t e r  th e  appearance  o r  c h a r a c t e r  of th e  m a te r i a l  to  be c o lo re d .  They cover a wide hue ran ge  [1 ,4 ]  . Many d i r e c t  dyes now on th e  m arket do not c o n ta in  th e  b en z id in e  m oiety  and, t h e r e f o r e ,  a r e  no t  co n s id e red  in  t h i s  rev iew . These n o n b e n z id in e -d e r iv e d  d i r e c t  dyes p ro v id e  in d u s t r y  w ith  a wide range  of c o lo r s  and hues which may be co n s id e red  fo r  use  as s u b s t i t u t e s  f o r  b e n z id in e -b a se d  dyes [1 ,3 0 -3 2 ] ,
The chem ical s t r u c t u r e s  of b en z id in e -b a se d  dyes c u r r e n t l y  of commerical im portance  a r e  shown in  Appendix I I I ;  a l l  have th e  c h a r a c t e r i s t i c  d ia z o t i z e d  b e n z id in e  n u c leu s  as  shown in  F ig u re  I I - l  and d i f f e r  on ly  in  th e  s u b s t i t u e n t s  a t t a c h e d  a t  e i t h e r  d iazo  l in k a g e ,  i e ,  -N=N-. T h is  l in k a g e  i s  co n s id e red  th e  most l a b i l e  p o r t io n  o f each of th e s e  dyes , and, in  each c a s e ,  enzym atic  [29 ,33-35] o r  the rm al breakdown [2 ,36 ] r e s u l t s  i n  the  p ro d u c t io n  o f b e n z id in e .
-N  = N




Benzid ine  and o th e r  c a rc in o g e n ic  su b s ta n c e s  such as 4-amino b iph eny l  and 2 , 4-diam inoazobenzene may be p r e s e n t  in  b e n z id in e -b a se d  dyes b o th  as th e  r e s u l t  of im p u r i t i e s  in t ro d u c e d  i n  m an ufac tu r in g  p ro c e s s e s  o r may be p re s e n t  in  b e n z id in e -b a se d  dyes as  p ro d u c ts  of the rm al or enzymatic decom posit ion . NIOSH has  measured th e  amount of b e n z id in e  p re s e n t  in  d i r e c t  dyes from im ported  and dom estic  so u rces  [2 7 ] .  For 26 samples of 11 typ es  o f dyes im ported  from seven c o u n t r i e s ,  th e  b e n z id in e  c o n c e n t r a t io n  ranged from l e s s  than  1 ppm to  224 ppm. Only s i x  samples co n ta in ed  g r e a t e r  than  10 ppm of b e n z id in e .  S im i la r  r e s u l t s  were found f o r  26 samples from dom estic  s o u rc e s .  No s i n g l e  typ e  o f dye accounted  f o r  th e  h igh  r e s u l t s .  Few i n v e s t i g a t o r s  have a t tem p ted  to  an a ly ze  i m p u r i t i e s  o th e r  than  b en z id in e  p r e s e n t  i n  d i r e c t  dyes .  However, i n  one com m ercially  produced l o t  of D i r e c t  B lack 38 (a b en z id in e -b a se d  d y e ) , 150 ppm of 4-amino b ip h en y l  and 9,200 ppm of 2 , 4-diam inoazobenzene (B asic  Orange 2) were found even though only  0 .1  ppm of b e n z id in e  was d e te c te d  [3 7 ] .
The c o n c e n t r a t io n  o f i m p u r i t i e s  such as b e n z id in e  can be in c re a s e d  by decom posit ion  of dyes c o n ta in in g  b e n z id in e  as a p o r t io n  o f th e  s t r u c t u r e .  A m easu rab le  in c r e a s e  i n  th e  c o n c e n t r a t io n  o f b e n z id in e  and 4-amino b ip h en y l  im p u r i t i e s  was found when D ire c t  Black 38 in  aqueous s o lu t io n  was s to r e d  a t  25 o r 37.5  C f o r  48 hours  [3 7 ] .  In  ham ster u r i n e  s to r e d  a t  room tem p e ra tu re ,  s u b s t a n t i a l  in c r e a s e s  in  th e  c o n c e n t r a t io n s  of b e n z id in e ,  4- amino b ip h e n y l ,  and 2 , 4-d iam inoazobenzene were found 48 and 96 hou rs  a f t e r  th e  a d d i t io n  of D i r e c t  B lack 38 to  th e  u r i n e ;  a t  5 C th e  dye in  ham steru r in e  was s t a b l e  a t  l e a s t  96 h ou rs  [3 7 ] .
Although a l l  decom posit ion  p ro d u c ts  have n o t been i d e n t i f i e d ,  b en z id in e -b a se d  dyes have been shown to  b reak  down in  aqueous s o lu t io n  a t  e le v a te d  tem p e ra tu re s  [3 6 ] .  M el 'n ik o v  and K i r i l l o v a  [36] examined a number of t e c h n i c a l  g rade  d i r e c t  dyes ,  in c lu d in g  some t h a t  were b e n z id in e -b a s e d .  They found t h a t  th e  r a t e  of decom posit ion  o f th e  dyes was a c c e l e r a t e d  by in c re a s e d  tem p era tu re  and g r e a t l y  a c c e l e r a t e d  in  th e  p resence  of i r o n .  For example, a t  140 C a f t e r  6 h o u rs ,  17.3% of Congo Red (D ire c t  Red 28) decomposed, and, under th e  same c o n d i t io n s  in  th e  p re sen ce  of i r o n ,  83/i decomposed. When a 0.1% aqueous s o lu t io n  of Congo Red (D ire c t  Red 28) wass to r e d  a t  100 C f o r  1 hou r ,  no decom posit ion  was o bserved . The p re sen ce  oft e x t i l e  a d d i t i v e s  such as u r e a ,  t r i e t h a n o la m i n e , and c e l l o s o l v e  a ls o  in c re a s e d  th e  r a t e  of deco m posit ion .
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III. CHARACTERISTICS OF EXPOSURE
M anufacture  and Uses
The s y n th e s i s  of dyes i s  b r i e f l y  d e s c r ib e d  in  th e  Colour Index [1 ] .  G en e ra l ly ,  th e  d ia z o t i z e d  b e n z id in e  i s  r e a c te d  (coupled) w ith  s u i t a b l e  secondary  components such as h y d ro x y la ted  a ro m a tic s  o r a ro m a tic  amines [ 1 ,2 ,4 ] .  S ince th e  m anufac tu re  of dyes i s  d i r e c t e d  toward p roducing  a p a r t i c u l a r  c o lo r  and no t to  producing  a s p e c i f i c  chem ical e n t i t y ,  im p u r i t i e s  such as b e n z id in e ,  4-amino b ip h e n y l ,  2 ,4-d iam inoazobenzene , d ip h e n y l in e ,  and sem idine  f in d  t h e i r  way i n to  th e  f i n a l  dye p ro d u c t .  I f  th e s e  su b s ta n ce s  do n o t  i n t e r f e r e  w ith  th e  dyeing  p ro c e s s ,  o r d i n a r i l y  they  a re  n o t  removed [4 ,3 8 ] .  A d d i t io n a l  su b s ta n c e s ,  in c lu d in g  o th e r  dyes ,  may be r e q u i r e d  to  produce th e  p a r t i c u l a r  shade o r hue d e s i r e d  in  a p ro d u c t .  Thus, dyes in  g e n e ra l  r e p r e s e n t  m ix tu re s  of su b s ta n c e s  r a t h e r  than  a p a r t i c u l a r  chem ical e n t i t y  [4 ,3 8 -4 0 ] .  T h is  i s  f u r t h e r  com plica ted  by the  f a c t  t h a t  m an u fac tu re rs  may u se  d i f f e r i n g  c o n d i t io n s  o f s y n t h e s i s ,  s t a r t i n g  m a te r i a l s  of d i f f e r e n t  p u r i t y ,  and even d i f f e r e n t  methods to  m anufac tu re  dyes [3 0 ,3 9 ,4 1 ] .  These f a c t s  a r e  im p o r tan t  s in c e  each dye i s  d e p ic te d  as  a d e f i n i t i v e  chem ical s t r u c t u r e  i n  tex tb o o k s  [2] and in  th e  Colour Index [1 ] .
More th an  30 m a n u fac tu re rs  i n  th e  U n ited  S ta t e s  now produce v a r io u s  d i r e c t  d y es .  Only one o f th e  n in e  US m an u fac tu re rs  t h a t  produced b en z id in e -b a se d  dyes in  1974 s t i l l  does so in  1979 [ 3 ,4 0 ,4 2 ] .  Some d i s t r i b u t o r s  im port th e  b e n z id in e -b a se d  dyes f o r  r e s a l e  in  th e  U nited  S ta t e s  [27] . The 1979 B u y e r 's  Guide p u b l ish e d  by th e  American A s s o c ia t io n  of T e x t i l e  Chemists and C o l o r i s t s  (AATCC) l i s t s  20 u n s u b s t i t u t e d  b e n z id in e -  based dyes f o r  s a l e  i n  th e  U nited  S ta t e s  [4 3 ] .  Not a l l  dyes so ld  in  the  U nited  S t a t e s ,  however, a re  l i s t e d  i n  th e  B u y e r 's  Guide (W M a r t in ,  v e r b a l  communication, J u ly  1979).
S ince 1974, th e  e ig h t  US m an u fac tu re rs  t h a t  phased out th e  s y n th e s i s  of b e n z id in e -b a se d  dyes [3] have re p la c e d  them w ith  p h th a lo c y a n in e , o- t o l i d i n e ,  o - d i a n i s i d i n e ,  phen y lened iam in e , and d io x y a z in e - ty p e  dyes [4 0 ] .  N onbenzid ine-based  s u b s t i t u t e s  appear to  be in  demand; f i v e  m an ufac tu re rs  now s e l l  non ben z id ine -b ased  s u b s t i t u t e s  fo r  D ire c t  Black 38 [3 0 ,4 0 ,4 3 ] .  A s u i t a b l e  s u b s t i t u t e  f o r  D i r e c t  Blue 6 in  th e  l e a t h e r  dyeing  in d u s t r y  has been d i f f i c u l t  to  f in d  [4 0 ] .  NIOSH c o n s id e r s  th e  need f o r  a p p ro p r ia te  to x ic o lo g ic  t e s t i n g  of a l l  dye s u b s t i t u t e s  to  be e s s e n t i a l  b e f o r e  they  a r e  used in  th e  w orkp lace .
B enz id ine-based  dyes a re  used e x te n s iv e ly  to  c o lo r  t e x t i l e s ,  l e a t h e r ,  and p ap e r .  Ease of a p p l i c a t i o n  has been a m ajor a s s e t  to  t h e i r  g e n e ra l  a v a i l a b i l i t y  and w idespread  u sag e .  Of th e  t o t a l  u s e ,  40% i s  used to  c o lo r  p ap e r ,  25% to  c o lo r  t e x t i l e s ,  15% f o r  l e a t h e r ,  and 20% f o r  d iv e r s e  a p p l i c a t io n s  in  th e  pe tro leu m , ru b b e r ,  p l a s t i c s ,  wood, so ap , f u r ,  and h a i r  dye i n d u s t r i e s  [ 1 ,3 ,2 8 ,3 2 ] .
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Production Volume
Seventeen  b e n z id in e -b a se d  dyes a re  produced in  th e  U nited  S ta t e s  by one m a n u fac tu re r ,  F a b r i c o l o r ,  I n c . ,  of New J e r s e y .  Table  I I I - l  g iv e s  th e  US p ro d u c t io n  f i g u r e s  f o r  b e n z id in e  d y e s tu f f s  m anufac tured  d u r in g  1978. These f i g u r e s  were p rov ided  to  NIOSH through  th e  c o u r te s y  o f F a b r i c o lo r  (E A n g s tad t ,  w r i t t e n  communication, January  1979).
TABLE I I I - l
1978 US PRODUCTION FOR BENZIDINE DYESTUFFS
C .I .  G eneric  Name C . I .  Number kg Pounds
Acid Red 85 22245 17,980 39,639D ire c t  Orange 8 22130 12,341 27,208D ire c t  Brown 2 22311 12,576 27,725D ir e c t  Brown 6 30140 3,884 8,563D ir e c t  Brown 31 35660 16,967 37,406D ir e c t  Brown 74 36300 14,703 32,414D ir e c t  Brown 95 30145 34,452 75,953D ire c t  Brown 154 30120 28,946 63,816D i r e c t  Green 1 30280. 5,745 12,666D ir e c t  Green 6 30295 49,476 109,076D ire c t  Red 1 22310 11,961 26,370D ir e c t  Red 28 22120 16,931 37,327D ir e c t  Blue 2 22590 99,080 218,435D ir e c t  Blue 6 22610 27,907 61,524D ir e c t  Black 4 30245 11,995 26,444D ir e c t  Black 38 30235 373,336 823,065R esin  F. Black WP — 38,383 84,620
T o ta l 776,664 1,712,251
Adapted from E. A n g stad t , w r i t t e n  communication, Janua ry  1979
E x ten t  of O ccu pa tio n a l  Exposure
Based on a n a t i o n a l  su rvey  conducted from 1972 to  1974 [4 4 ] ,  NIOSH e s t im a te d  t h a t  app ro x im ate ly  79,200 w orkers in  63 o ccu p a t io n s  were p o t e n t i a l l y  exposed to  b e n z id in e -b a se d  d y es .  These p o t e n t i a l  exposures  o ccu rred  in  th e  dye m a n u fac tu r in g ,  t e x t i l e  d ye ing ,  p r i n t i n g ,  p ap e r ,  and l e a t h e r  i n d u s t r i e s .  Appendix I I I  l i s t s  th e  e s t im a te d  worker exposure  fo r
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each com m ercially  a v a i l a b l e  b en z id in e -b a se d  dye. Dye use  in  a r t s  and c r a f t s  was no t in c lu d e d .  An e s t im a te  of worker exposure  to  b en z id in e  was g iven  by F e rb e r  e t  a l  i n  1976 [4 5 ] .  However, no e s t im a te  was made of worker exposure  to  th e  dyes d e r iv e d  from b e n z id in e .
NIOSH has c o n tac te d  th e  one US m an u fac tu re r  o f b e n z id in e -b a se d  dyes as w e l l  as  fo u r  p rev io u s  US m a n u fa c tu re r s .  While US p ro d u c t io n  has d ec reased  from a h igh  of 2 ,919 Mg (6 ,43 6 ,0 0 0  lb s )  in  1976 to  777 Mg (1 ,712 ,251  lb s )  in  1978, im ports  have in c re a s e d  from 272 Mg (600,000 lb s )  i n  1976 to  726 Mg (1 ,600 ,000  lb s )  i n  1978. The p r e s e n t  a c tu a l  worker exposure to  b e n z id in e -  based  dyes cannot be a s c e r ta in e d  p r e c i s e l y ,  b u t  app ea rs  s u b s t a n t i a l  in  l i g h t  of th e  c o n t in u in g  p ro d u c t io n ,  s a l e ,  and use  of th e s e  dyes [3 0 ,4 1 ,4 3 ,4 6 ]  .
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IV. BIOLOGIC EFFECTS OF BENZIDINE-BASED DYES
Human Cancer S tu d ie s
Two e p id em io lo g ica l  s t u d i e s  have r e p o r te d  t h a t  exposure  to  b e n z id in e -  based  dyes produces cancer  i n  humans [4 7 -4 9 ] .  Yoshida e t  a l  [47,49] examined th e  p o s s i b i l i t y  of a r e l a t i o n s h i p  between employment in  th e  dyeing in d u s t r y  and an in c re a s e d  r i s k  of d eve lo p in g  b la d d e r  c a n c e r .  O ccupa tiona l  h i s t o r i e s  were a v a i l a b l e  f o r  200 male p a t i e n t s ,  a l l  o f  whom had b la d d e r  cancer  and who r e s id e d  i n  Kyoto, Jap an . One c o n t r o l  group c o n s i s t e d  of 148 men, a t  l e a s t  45 y e a rs  o ld ,  who had been ad m it ted  to  h o s p i t a l s  in  th e  a re a  w ith  u r in a r y  d i s o r d e r s  o th e r  than  m alignan t tum ors. Of th e  200, 17 hadworked in  th e  dyeing i n d u s t r y .  B ladder cancer  p a t i e n t s  were 6 .8  t im es  more l i k e l y  to  have been employed as d ye rs  than  p a t i e n t s  w ith  o th e r  u r in a r y  d i s o r d e r s .  Ten of th e  17 had been Kimono p a i n t e r s .  In  a subsequen t survey of Kimono p a i n t e r s  in  th e  Kyoto a r e a ,  Yoshida and Miyakawa [47] found t h a t  th e  p r a c t i c e  of w e t t in g  th e  b ru sh  o r  s p a tu l a  on th e  tongue was common. Of 141 persons  in te rv ie w e d ,  47% adm it ted  to  t h i s  p r a c t i c e .  T h is  in d ic a te d  t h a t  i n g e s t io n  of b en z id in e -b a se d  dyes was l i k e l y .  No in fo rm a tio n  on s p e c i f i c  dyes to  which th e  b la d d e r  cancer  p a t i e n t s  were exposed was a v a i l a b l e .  However, Yoshida and Miyakawa r e f e r r e d  to  fo u r  b e n z id in e -b a se d  dyes ,  D i r e c t  B lack 38, D i r e c t  Green 1, D i r e c t  Red 17, and D ir e c t  Red 28, t h a t  had w idespread  u se  i n  Japan  i n  th e  e a r ly  1970 's  [47 ] .
Genin [48] a l s o  s tu d ie d  worker exposure  to  b e n z id in e -b a se d  dyes .  A f te r  p re l im in a r y  work in  which b e n z id in e  or d i a n i s i d i n e  had been found in  th e  u r in e  o f r a t s  g iv en  dyes based  on th e s e  s u b s ta n c e s ,  Genin examined the  u r in e  of 22 workers engaged in  th e  d ry in g  and g r in d in g  of d i r e c t  azo dyes [4 8 ] .  B enz id ine  was p r e s e n t  i n  th e  u r in e  of e ig h t  p e rso ns  and d i a n i s i d i n e  was p r e s e n t  i n  t h r e e .  The q u a n t i t i e s  v a r i e d  from what were d e s c r ib e d  as t r a c e  amounts to  0 .3  jig/ml. A lthough th e  dyes b e in g  worked w ith  a t  th e  t im e o f  u r in e  sample c o l l e c t i o n  were n o t d e s c r ib e d ,  Genin r e f e r r e d  to  two b e n z id in e —based d yes ,  D i r e c t  Black 38 and D ir e c t  Blue 2, as  being  of g r e a t e s t  commercial im portance  in  th e  USSR. Genin then  examined th e  company re c o rd s  and found f i v e  c a se s  of b la d d e r  tum ors. Three had occu rred  between 1965 and 1968 among w orkers engaged in  d ry in g  and g r in d in g  of d i r e c t  azo dyes . The p e rso ns  were 68, 70, and 72 y e a rs  o ld ;  had l a t e n t  p e r io d s  o f 18, 33, and 43 y e a r s ;  and had been exposed 24, 3, and 18 y e a r s ,  r e s p e c t i v e l y .  Genin concluded t h a t  exposure  to  d i r e c t  azo dyes , sy n th e s iz e d  from d ip h en y l  amino d e r i v a t i v e s ,  i s  p o t e n t i a l l y  a cancer h az a rd .  A d o se - re sp o n se  r e l a t i o n s h i p  could  n o t  be  e s t a b l i s h e d ,  s in c e  the  i n t e n s i t y  of exposure  to  th e  dyes was n o t m easured.
Animal Cancer S tu d ie s
The N a t io n a l  Cancer I n s t i t u t e  (NCI) conducted a 93-day s tud y  w ith  mice and r a t s  t h a t  were fed  th r e e  com m ercially  a v a i l a b l e  b e n z id in e -b a se d  dyesi D i r e c t  Black 38, D ire c t  Blue 6 , and D ire c t  Brown 95 [2 9 ] .  The th r e e  dyes
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were t e c h n i c a l  g ra d e ,  f a c t o r y - s t r e n g t h  d i r e c t  d yes .  The m o lecu la r  s t r u c t u r e s  a re  shown in  Appendix I I I ,  and th e  b e n z id in e  m oiety  can be i d e n t i f i e d  in  each s t r u c t u r e .  D i r e c t  Blue 6 was 66% p u re ,  D i re c t  B lack 38 was 86% p u re ,  and D ire c t  Brown 95 was 79% p u re ,  a cco rd in g  to  th e  m a n u fac tu re r .  Midwest R esearch  I n s t i t u t e  confirm ed s i m i l a r  v a lu e s  upon r e a n a l y s i s  of th e  m a t e r i a l s .  The b a la n c e  of th e  c o n s t i t u e n t s  was m ostly  s a l t  and w a te r ,  b u t  a n a ly s e s  by t h i n - l a y e r  chrom atography (TLC), which used two d i f f e r e n t  s o lv e n t  sy s tem s, dem onstra ted  th e  p re sen ce  o f 8-15 minor im p u r i t i e s  in  each dye. No a t te m p t  was made to  i d e n t i f y  o r  q u a n t i t a t e  th e s e  in d iv id u a l  im p u r i t i e s .  A s p e c i f i c  a n a ly s i s  by h ig h - p r e s s u r e  l i q u id  chromatography was done to  d e te rm in e  th e  p re sen ce  o r absence  o f b e n z id in e .  No b e n z id in e  was d e te c te d  a t  th e  low est d e t e c t a b l e  l i m i t  of 0.004% (40 ppm) in  any o f th e  dyes .  Corn o i l  was added to  th e  dyes a t  1.3% to  supp ress  d u s t  fo rm a t io n .  While no s p e c i f i c  a n a ly s e s  were done f o r  b e n z id in e  in  th e  food , s p e c t ro p h o to m e tr ic  a n a ly s e s  o f e x t r a c t s  of th e  d i e t  showed t h a t  eachof th e  dyes was s t a b l e  i n  feed  f o r  up to  2 weeks a t  te m p e ra tu re s  up to  45C.
For th e  b io a s s a y  in  F is c h e r  344 r a t s ,  each dye was fed  to  10 male and 10 fem ale  r a t s  a t  190, 375, 750, 1,500 o r  3 ,000 ppm [2 9 ] .  Each dye was fed  to  10 B6C3F1 mice o f each sex  a t  750, 1 ,500 , 3 ,0 0 0 ,  6 ,0 0 0 ,  o r  12,500 ppm, excep t t h a t  fem ales were g iven  D ir e c t  Brown 95 on ly  up to  6 ,000 ppm. Ten matched mice and r a t s  of each sex se rved  as  c o n t r o l s  a t  each dose l e v e l .  A ll  an im als  excep t c o n t r o l s  re c e iv e d  one o f th e  th r e e  dyes in  t h e i r  feed  f o r  app rox im ate ly  13 weeks.
The f i r s t  observed  tumor in  th e  r a t s  g iven  dye o ccu rred  b e f o r e  5 weeksin  each c a s e ,  r e g a r d l e s s  of th e  type  of dye fed  [2 9 ] .  T h is  t im e- to - tu m o ri n t e r v a l  i s  th e  s h o r t e s t  encoun tered  in  th e  NCI b io a s s a y  program thu s  f a r .  Dibromoethane has th e  nex t  s h o r t e s t  t im e - to - tu m o r  i n t e r v a l ,  which was 10 weeks [5 0 ] .  The s h o r t e s t  t im e - to - tu m o r  f o r  b e n z id in e  i t s e l f  t h a t  has been observed  in  a d u l t  r a t s  i s  6 months [ 7 ,8 ,1 3 ] .  Tumor in c id e n c e s  in  th e  r a t s  g iv en  1,500 ppm of a b e n z id in e -b a se d  dye in  th e  food a r e  shown in  T ab le  IV- 
1.
The s i n g l e  most im p o r tan t  a s p e c t  of t h i s  s tud y  [29] was t h a t  s i g n i f i c a n t  numbers of cancerous  and p recan ce rou s  l e s io n s  developed  in  th e  r a t s  w i th in  93 d ays;  hepa tocarc inom as a n d /o r  n e o p l a s t i c  nodu les  developed in  a s i g n i f i c a n t  number of r a t s ,  ex cep t  i n  th e  m ales exposed to  D ire c t  Brown 95. With t h i s  dye th e  l e s io n s  found in  male r a t s  were l im i t e d  to  th o se  d e s c r ib e d  in  th e  NCI r e p o r t  as p re ca n c e ro u s .  N e i th e r  cancerous  nor p recan ce ro u s  l e s io n s  o ccu rred  in  any of th e  c o n t r o l  a n im a ls ,  n o r  had such l e s io n s  ever  been observed  in  any o f th e  c o n t r o l s  in  p re v io u s  s t u d i e s  w i th in  a 93-day tim e p e r io d .
The i n v e s t i g a t o r s  [29] concluded t h a t  th e  cance r  observed  was caused by th e  dyes them selves o r  a m e ta b o l i t e  and was n o t  due to  b e n z id in e  as  an im p u r i ty .  S ince  th e  b e n z id in e  c o n c e n t r a t io n  in  each dye was l e s s  than  40 ppm, and s in c e  th e  t im e - to - tu m o r  i n t e r v a l  f o r  b e n z id in e  in  r a t s  a t  even h ig h e r  l e v e l s  has  always been much lo n g e r  than  t h a t  observed  f o r  th e  dyes [7 ,8 ,1 0 ,1 3 - 1 5 ,1 8 -2 1 ] ,  t h i s  c o n c lu s io n  app ea rs  to  be j u s t i f i e d .  The
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p o s s ib l e  r o l e  of o th e r  im p u r i t i e s  in  th e  dem onstra ted  c a r c in o g e n ic i ty  of th e  dyes cannot be e s t a b l i s h e d  from th e  in fo rm a t io n  con ta in ed  in  th e  r e p o r t .
TABLE IV -1
NEOPLASTIC RESPONSES IN FISCHER 344 RATS TO THREE BENZIDINE-BASED DYES AT 1,500 ppm
H e p a to c e l lu la r N e o p la s t ic B a so p h il icCarcinoma Nodules FociMale Female Male Female Male Female
D ire c t  Blue 6 2 /1 0 0 /10* 6 / 1 0 0 / 1 0 1 /1 0 0 / 1 0
D ir e c t  Black 38 4/9 0 / 1 0 5/9 8 / 1 0 3/9 0 / 1 0
D ire c t  Brown 95 0/9 1 /8 0 / 8 4 /8 7/8 3/8
Matched C o n tro ls 0 / 1 0 0 / 1 0 0 / 1 0 0 / 1 0 0 / 1 0 0 / 1 0
*At 3,000 ppm in  fem ale r a t s ,  th e  in c id e n c e  o f h e p a to c e l l u l a r  carcinoma was 4 /10 .
Adapted from r e f e r e n c e  29
The C lea r in gh o use  on E nvironm enta l C arc inogens , a group r e p r e s e n t in g  in d u s t r y ,  government, and th e  p u b l ic ,  makes f i n a l  e v a lu a t io n  of th e  e xp e r im en ta l  r e s u l t s  on su b s ta n ce s  t e s t e d  by th e  NCI b io a s s a y  program. The group concluded t h a t  D i r e c t  Blue 6 and D ire c t  Black 38 dyes caused cancer in  bo th  sexes  of F is c h e r  344 r a t s  under th e  c o n d i t io n s  of t h i s  b io a ssa y  p ro ce d u re ,  and t h a t  D ire c t  Brown 95 dye caused cance r  on ly  in  fem ale r a t s  [29 ] .  The C lea r in gh o use  on Environm enta l C arc inogens concluded t h a t  t e s t i n g  a t  lower l e v e l s  f o r  lo n g e r  d u r a t io n s  was u nnecessa ry  because  of the  r a p id  appearance  of th e  tum ors. The p rem atu re  t e r m in a t io n  of th e  s tu d y ,  o r i g i n a l l y  c o n t r a c te d  to  be c a r r i e d  ou t over th e  normal l i f e t i m e s  of the  r a t s  and mice and a t  n o n to x ic  l e v e l s ,  p rec lu d ed  d em on s tra t io n  of any c a rc in o g e n ic  e f f e c t  i n  th e  mouse o r a d o se - re sp o n se  r e l a t i o n s h i p  in  the  r a t .
In  c o n t r a s t  to  th e  NCI s tu d y ,  two o th e r  i n v e s t i g a t i o n s  of the  c a rc in o g e n ic  p r o p e r t i e s  of b en z id in e -b a se d  dyes have g iven  equ ivoca l  r e s u l t s .  In  a 270-day s tud y  by F u j i t a  e t  a l  [5 1 ] ,  D i r e c t  Blue 6 was
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i n j e c t e d  su bcu tan eo u s ly  i n t o  20 male and 20 fem ale r a t s  o f  an u n s p e c i f ie d  s t r a i n .  T o ta l  doses were 170 and 180 mg, r e s p e c t i v e l y ,  g iven  a t  weekly or b iw eek ly  i n t e r v a l s .  The d a i l y  dose was 1 ml of an aqueous 1% s o lu t io n  of th e  dye. T o ta l  s u r v iv a l  a t  270 days was 50%. In  2 o f th e  20 fem a les ,  i n j e c t i o n  s i t e  sarcomas developed a t  211 and 216 d ay s ,  r e s p e c t i v e l y .  While a trop hy  of th e  parenchymal c e l l s  of th e  l i v e r  and d i l a t a t i o n  of th e  l i v e r  s in u s o id s  were found dur in g  p a th o lo g ic a l  exam ination  of. th e  r a t s ,  no p re ­n e o p la s t i c  o r n e o p la s t i c  l e s io n s  were r e p o r te d .  T h is  s tu d y  d id  n o t  suppo rt  th e  NCI f in d in g s  of a r a p id  n e o p la s t i c  re sp o n se .  The app earance  of l o c a l  sarcomas a t  i n j e c t i o n  s i t e s  may or may n o t  i n d i c a t e  c a r c in o g e n i c i ty  in  t h i s  s tudy  s in c e  no tumors were observed  a t  remote s i t e s  [2 3 ] .
N i i t s u  [33] s tu d ie d  th e  c a r c in o g e n ic i ty  o f two b en z id in e -b a se d  dyes ,  D i r e c t  Blue 6 and D ir e c t  Black 38 (so u rce s  u n s p e c i f i e d ) . W is ta r  r a t s  were g iven  th e  dyes v i a  t h e i r  d r in k in g  w a te r  (0.04%). Twenty male and tw en ty- f i v e  fem ale r a t s  were used to  t e s t  D ire c t  B lack 38. Because D i re c t  Blue 6 was found to  be p a r t i c u l a r l y  to x ic  to  male r a t s ,  th e  a ssay  of t h i s  dye was l im i t e d  to  20 fem ale r a t s .  The o b s e r v a t io n  p e r io d  was l im i t e d  to  only  14 months, s in c e  by t h a t  t im e a l a r g e  number of an im als  had developed i n f e c t i o n s  and d ie d .  The a u th o r  [33] concluded t h a t  th e  immunological competence of th e  r a t s  had been compromised. With D i re c t  Black 38 a d m in i s t r a t i o n ,  14-month s u r v iv a l  was 4 /20  f o r  m ales and 2/25 f o r  fem ales .  One of th e  two s u rv iv in g  fem ales  had cancer  of th e  b r e a s t  (p a th o lo g ic a l  d e s ig n a t io n  no t s p e c i f i e d ) .  With D i re c t  Blue 6 a d m in i s t r a t i o n ,  12/20 fem ale r a t s  were a l i v e  a t  12 months; 1 of th e  12 s u rv iv in g  W is ta r  fem ale r a t s  had a g la n d u la r  tumor o f th e  o u te r  e a r .  No tumors were found in  the  c o n t r o l s .  N i i t s u  concluded t h a t  th e  c a r c in o g e n i c i ty  o r l a c k  of c a r c in o g e n ic i ty  of th e s e  two d i r e c t  d y e s t u f f s  cou ld  n o t  be determ ined  from th e  r e s u l t s  of th e  experim ent [33 ] .
D i f f e r e n t  s t r a i n s  of r a t s  and d i f f e r e n t  so u rc e s  of dye were used in  the  N i i t s u  and th e  NCI s t u d i e s .  A lso ,  th e  NCI r e s u l t s  were found using  c o n c e n t r a t io n s  of 1,500 and 3,000 ppm in  th e  food [2 9 ] ,  w h i le  th e  N i i t s u  s tudy  used 400 ppm in  th e  d r in k in g  w a te r  [3 3 ] .  The marked s u s c e p t i b i l i t y  of th e  r a t s  to  i n f e c t i o n  no ted  in  th e  N i i t s u  14-month s tudy  was no t found in  th e  s h o r t e r  93-day NCI s tu d y ,  excep t f o r  one r a t  t h a t  d ied  o f b a c t e r i a l  i n f e c t i o n .  The 93-day p e r io d  may have been too  s h o r t  a tim e to  expec t the  type  of i n f e c t i o n  noted  by N i i t s u  [3 3 ] .
M arsh a l l  [7 9 ] ,  i n  1953, r e p o r te d  t h a t  V i t a l  Red (a b e n z id in e -b a se d  dye) i n j e c t e d  i n t r a p e r i t o n e a l l y  ( ip )  i n to  27 W is te r  a lb in o  r a t s ,  aged 3-4 m onths, a t  a dosage of 1 ml o f a 2% aqueous s o lu t io n  of th e  dye every  2 weeks f o r  7 months, produced no p a th o lo g ic a l  changes. A d e t a i l e d  patho logy  d e s c r i p t i o n  was n o t  g iven  in  th e  r e p o r t .  Twenty an im als  m a in ta in ed  on the  same d i e t  were th e  n e g a t iv e  c o n t r o l s  f o r  t h i s  s tu d y .  In  c o n t r a s t ,  r a t s  i n j e c t e d  w ith  Trypan Blue o r Evans Blue ( o - t o l i d in e - b a s e d  dyes) developed lymphomatous tum ors. While t h i s  s tudy  cannot be c o n s id e red  a n e g a t iv e  l i f e t i m e  s tu d y ,  i t  i s  ap p a re n t  t h a t  i p - i n j e c t e d  V i t a l  Red d id  n o t ,  under th e  ex p e r im en ta l  c o n d i t io n s  s t a t e d ,  r a p id ly  produce l i v e r  tumors as d id  o r a l  a d i m i n i s t r a t i o n  of D i r e c t  Black 38, Brown 95, and Blue 6 i n  th e  NCI s tu d y .
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K o ro s te lev a  e t  a l  [52] r e p o r te d  a s tu d y  in  1977 des igned  to  t e s t  th e  c a r c in o g e n ic i ty  of D i re c t  Red 10. They u t i l i z e d  a t o t a l  o f  75 w h ite  r a t s  o f  u n s p e c i f ie d  s t r a i n  w ith o u t  s t a t i n g  th e  number used as  c o n t r o l s .  The p u r i t y  of D i r e c t  Red 10 was no t d e s c r ib e d .  The dye was a d m in is te red  to  the  r a t s  a t  500 mg p e r  r a t  d a i l y  i n  th e  food. N ephro toxic  and h e p a to to x ic  e f f e c t s  were e v id e n t  by th e  100th day o f o b s e r v a t io n .  More se v e re  k idney  e f f e c t s  were no ted  a t  a s t i l l  l a t e r  s t a g e .  D i r e c t  Red 10, a b e n z id in e -based dye, produced tumors in  10 of th e  18 male r a t s  t h a t  had su rv iv ed  500 days . The type  of neoplasms found in  th e  s tu d y  were fo u rm icrocholangiom as (m alignancy o f mixed masses of l i v e r  cord  c e l l s  and b i l e  d u c t s ) , t h r e e  leukem ias (m alignan t t r a n s fo r m a t io n  a t  w h i te  bood c e l l s ) , two plasmacytomas (m u l t ip le  myeloma, a neoplasm of plasma c e l l s ) , and one hypernephroma (k idney  neoplasm w ith  s t r u c t u r e  t h a t  re sem bles  c o r t i c a l  t i s s u e  a t  th e  a d re n a l  g l a n d ) .
These typ es  of tum ors, which a r e  r a r e  in  r a t s ,  were markedly d i f f e r e n t  from th e  h epatocarc inom as found i n  th e  NCI s tud y  [2 9 ] .  K o ro s te le v a  e t  a l  a ls o  des igned  th e  s tud y  to  d e te rm in e  w hether D i r e c t  Red 10 could  be m e tab o lized  to  b e n z id in e  (s ee  s e c t i o n  on Animal M etabo lic  S t u d i e s ) .
Another c h ro n ic  t e s t  o f  th e  c a r c in o g e n i c i ty  o f Deep D ire c t  Black EX (D ire c t  B lack 38) [28] was r e p o r te d  by Okajima e t  a l  in  1975 [5 3 ] .  The dyewas a d m in is te red  to  male W is ta r  r a t s  i n  th e  d r in k in g  w a te r  f o r  60 weeks.At t h a t  tim e a l l  were k i l l e d  s in c e  a s i g n i f i c a n t  number had developed neoplasm s. R e s u l t s  a r e  g iven  in  T ab le  IV -2 . T h is  r e p o r t  confirm ed t h a t  D i r e c t  B lack 38 i s  c a rc in o g e n ic  i n  r a t s  when a d m in is te re d  a t  lower doses over a lo n g e r  p e r io d  o f tim e th an  used in  th e  NCI s tu d y  [2 9 ] ,  Because the  60-week e x p e r im en ta l  p e r io d  i s  much s h o r t e r  than  th e  r a t ' s  normal l i f e  span , a more extended experim ent would be expec ted  to  r e s u l t  i n  s t i l l  more tum ors. As in  th e  NCI b io a s sa y  [2 9 ] ,  i t  would appear  as  though i t  was not n e c e s sa ry  to  c o n t in u e  t h i s  experim ent [53] over th e  l i f e t i m e  of th e  r a t s  s in c e  a s i g n i f i c a n t  number o f tumors has  r e s u l t e d  by 60 weeks.
TABLE IV -2
HISTOLOGICAL FINDINGS IN THE URINARY BLADDER, LIVER, AND COLON IN RATS FED DIRECT BLACK 38 (DIRECT DEEP BLACK EXTRA)
E f f e c t i v e  E x p e r im e n ta l  No. o f  G roup R a ts
U r in a ry  B la d d e r L iv e r C olon R a tsw i thTumorH yper­p l a s i a P a p il lo m a C arc ino m a
H y p er- C arcinom a p l a s i a Adeno­c a rc in o m a
NUMBER OF OBSERVATIONS
100 ppm D i r e c t 8 1 0 0 1 0 0 0B la c k  38
500 ppm D i r e c t 13 9 2 3 8 3* 2 6B lac k  38
C o n tro l 9 0 0 0 0 0 0 0
*0ne h e m a n g io e n d o th e lio m a
A d ap ted  fro m  r e f e r e n c e  53
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Okajima e t  a l  [53] and N i i t s u  [33] b o th  a d m in is te re d  D ir e c t  B lack 38 to  r a t s  i n  th e  d r in k in g  w a te r  a t  s i m i l a r  c o n c e n t r a t io n s  (500 and 400 ppm, r e s p e c t i v e l y ) . I t  i s  n o t  a p p a re n t  why c a r c in o g e n i c i ty  was e s t a b l i s h e d  only  in  th e  s tudy  by Okajima e t  a l  [5 3 ] .  U ndoubtedly , th e  low s u r v iv a l  r a t e  in  th e  N i i t s u  s tud y  was a m ajor f a c t o r ,  s in c e  e a r ly  d e a th s  may have p rec luded  th e  development o f c an ce r  i n  t h i s  s tu d y .  The m o r t a l i t y  r a t e  in  th e  N i i t s u  s tu d y  was 97% f o r  D ire c t  Black 38, w h i le  th e  m o r t a l i t y  r a t e  in  th e  Okajima s tu d y  was 13% f o r  th e  same dye.
Human M etab o lic  S tu d ie s
Humans as  w e l l  as  o th e r  mammals can change (m e tab o l iz e )  th e  b e n z id in e -  based dyes back to  b e n z id in e  [2 7 ,4 7 ,4 8 ,5 2 ,5 4 ] .  The m ajor organ in  which b en z id in e -b a se d  dyes a r e  m e tab o liz ed  to  b e n z id in e  i s  th e  l i v e r ,  bu t o th e r  organs a l s o  can do t h i s  to  a g r e a t e r  o r  l e s s e r  deg ree  [5 4 ,5 5 ] .
V arious  b a c t e r i a  and y e a s t  n orm ally  found in  th e  sm all  and l a r g e  i n t e s t i n e  can a l s o  reduce  th e  azo bond i n  b e n z id in e -b a se d  dyes and r e l e a s e  b e n z id in e  [5 5 -5 7 ] .  T h is  o ccu rs  b o th  in  v iv o  and in  v i t r o  [2 7 ,2 9 ,3 3 ,5 5 ] ,
The m ajor enzyme cap ab le  o f ly s in g  (b reak in g )  th e  azo l in k a g e  of b e n z id in e -b a se d  dyes i s  a cytochrome o x id a s e .  T h is  enzyme, termed a z o re d u c ta s e ,  i s  a s s o c ia t e d  w ith  th e  cytochrome P-450 microsom al f r a c t i o n  of th e  c e l l u l a r  homogenate. The enzyme was e x te n s iv e ly  s tu d ie d  w ith  r e l a t i o n  to  th e  azo dye p r o n t o s i l  [5 6 ] ,  and has  been d e s c r ib e d  as  an "enzyme p ar  e x c e l la n c e "  f o r  ly s in g  th e  azo l in k a g e  of dyes [5 8 ] .  A zoreduc tase  i s  an ex trem ely  n o n s p e c i f i c  enzyme found in  a l l  mammals t e s t e d  so f a r  [5 5 ] ,  as  w e l l  as  i n  v a r io u s  m icroorgan ism s [5 7 ] .  I t  i s  no t n ec e s sa ry  t h a t  th e  su b s ta n c e  be a dye f o r  t h i s  enzyme to  e x e r t  i t s  a c t i o n .  The o n ly  req u irem en t  i s  th e  d ia z o  l in k a g e ,  i e ,  -N=N-. No e x c e p t io n s  have been re p o r te d  [3 3 ,5 5 ] .  Knowledge o f t h i s  enzym atic  c a p a b i l i t y  in  humans led  to  th e  fo l lo w in g  s tud y  [27 ] .
In  1977, a NIOSH i n v e s t i g a t i o n  was u nd e r tak en  to  su rvey  i n d u s t r i a l  hygiene  p r a c t i c e s  i n  th e  dye in d u s t r y  and to  examine u r i n e  samples from workers exposed to  b e n z id in e -b a se d  dyes [27] . The s tu d y  p r o to c o l  inc lud ed  p r i o r  n o t i f i c a t i o n  o f th e  b e n z id in e -b a se d  dye m a n fa c tu re r  and team sampling of env ironm en ta l  l e v e l s  of t o t a l  p a r t i c u l a t e .  In  most c a s e s ,  i t  a l s o  inc lu d ed  d e te rm in a t io n  of th e  amount o f dye p r e s e n t  i n  th e  p a r t i c u l a t e  and a n a ly s i s  o f th e  dye samples f o r  r e s i d u a l  b e n z id in e .  In  a d d i t i o n ,  d e te rm in a t io n  of th e  u r i n a r y  l e v e l s  of b e n z id in e  th ro u g h ,  i n  most c a s e s ,  c o n t r o l l e d  dua l  a n a l y t i c a l  p ro ced u res  was a l s o  perfo rm ed . These p rocedures  were developed th rough  th e  e f f o r t s  of th e  C l i n i c a l  and B iom edical Support S e c t io n ,  D iv is io n  of B iom edical and B eh av io ra l  S c ie n c e ,  and th e  Measurement S e rv ic e s  S e c t io n ,  D iv is io n  o f P h y s ic a l  S c iences  and E n g in ee r in g ,  NIOSH. Both p ro ced u res  a r e  d e s c r ib e d  i n  th e  r e p o r t  [2 7 ] .  One of th e  p ro ced u res  i s  a l s o  g iven  in  Appendix I  o f  t h i s  S p e c ia l  Hazard Review. The low est d e t e c t a b le  l i m i t  f o r  n o n s p e c i f i c  p rim ary  a ro m atic  amines by t h i s  method was 
1 ppb w ith  th e  p ro v i s io n  t h a t  a t  l e a s t  100 ml o f u r i n e  be a v a i l a b l e  fo r  a n a l y s i s .  T h is  method r e q u i r e d  c o n f i rm a t io n  o f th e  n o n s p e c i f i c  p rim ary
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aro m atic  amines as b e n z id in e  o r m onoacetyl b e n z id in e  by TLC. The o th e r  p ro ced u re  used to  confirm  th e  s p l i t  samples was e l e c t r o n - c a p tu r e  gaschromatography as  developed by Nony and Bowman [59 ].  The low est  d e t e c t a b l ec o n c e n t r a t io n  of b e n z id in e  i n  u r i n e  s t a t e d  by th e s e  a u th o rs  [59] was 1.4 ppb; f o r  m onoacety l b e n z id in e ,  i t  was 5 .8  ppb.
Environm enta l and u r in a r y  samples were c o l l e c t e d  a t  s i x  f a c i l i t i e s  where w orkers were p o t e n t i a l l y  exposed to  b en z id in e -b a se d  d yes . These f a c i l i t i e s  were: two b en z id in e -b a se d  dye m a n u fa c tu re r s ,  two t e x t i l e  dyeing p l a n t s ,  a l e a t h e r  tan n in g  p l a n t ,  and a s p e c i a l t y  paper m i l l  [27 ] .
In  th e  f i r s t  dye m an ufac tu r in g  f a c i l i t y ,  two of e ig h t  workers p o t e n t i a l l y  exposed to  b en z id in e -b a se d  dyes had m onoacetyl b e n z id in e  in  t h e i r  u r i n e .  The c o n c e n t r a t io n  o f p rim ary  amines was 3 ppb in  one case  and7 ppb in  th e  o th e r .  These sp o t  samples of u r in e  were p o s i t i v e  d e s p i t e  th ef a c t  t h a t  th e  w orkers observed  were u s in g  c a r t r i d g e - t y p e  fa c e  r e s p i r a t o r s  a t  th e  tim e of th e  sampling and t h a t  th e  environm ent appeared  to  be d us t  f r e e .  T h is  f a c i l i t y  has s in c e  d is c o n t in u e d  th e  m anufac tu re  of b e n z id in e -  based dyes [27 ] .
In  th e  o th e r  dye m an u fac tu r in g  f a c i l i t y ,  fo u r  w orkers were m onitored  f o r  exposure to  b e n z id in e -b a se d  dyes . The average  env ironm en ta l  exposure l e v e l s  of fo u r  of th e  w orkers were 4 .3 ,  5 .2 ,  11 .7 ,  and 17.4 mg t o t a l  p a r t i c u l a t e / c u  m. The co rre sp on d in g  u r in a r y  c o n c e n t r a t io n s  of b en z id in e  averaged  52, 11, 10, and 112 ppb, r e s p e c t i v e l y .  The worker having  112 ppbb en z id in e  in  h i s  u r in e  (sp ray  d ry  o p e ra to r )  a l s o  had 590 ppb m onoacetylb en z id in e  in  th e  same sample. T h is  f a c i l i t y  has a ls o  tak en  m easures s in c e  then  to  c o n t r o l  d y e s tu f f  exposures  and to  m on ito r  th e  u r in e  of workers fo r  b en z id in e  [27 ] .
Three of th e  above fo u r  w orkers had b e n z id in e  congeners o th e r  than  m onoacetyl and d i a c e t y l  b e n z id in e  in  t h e i r  u r i n e .  Two of th e s e  w orkers had o - t o l i d i n e  in  t h e i r  u r in e  a t  15 and 50 ppb. The t h i r d  had o - d ia n i s i d in e  in  h i s  u r i n e  a t  1 ppb. At th e  t im e of th e  i n v e s t i g a t i o n ,  th e s e  t h r e e  workers were no t exposed to  o - t o l i d i n e ,  o - d i a n i s i d i n e ,  o r  to  dyes d e r iv e d  from th e s e  two su b s ta n c e s .  However, p r i o r  exposure  to  any o f th e s e  su b s ta n ce scould  n o t  be ru le d  o u t .  T h e re fo re ,  th e  sou rce  of o - t o l i d i n e  and o-d i a n i s i d i n e  i n  th e  u r i n e  of th e s e  w orkers could  no t be e s t a b l i s h e d .  Many w orkers ,  who were m onito red  and found to  have s h o r t - te r m  env ironm en ta l  exposures  as h ig h  as  92.7 mg t o t a l  p a r t i c u l a t e / c u  m, d id  no t  p ro v ide  u r in e  samples to  th e  i n v e s t i g a t o r s  and thu s  t h e i r  u r in e  could  n o t be e v a lu a ted  f o r  th e  p re sen ce  of b e n z id in e  [2 7 ] .
In  one t e x t i l e  dye m an u fac tu r in g  f a c i l i t y ,  7 p o t e n t i a l l y  exposed w orkers were compared w ith  23 n o n i n d u s t r i a l l y  exposed o f f i c e  workers who were used as c o n t r o l s .  D i r e c t  Black 38 and D ire c t  Blue 2 , bo th  b e n z id in e -  based  d yes ,  were be ing  used a t  t h i s  f a c i l i t y .  No b e n z id in e  was d e te c te d  in  th e  u r in e  of any c o n t r o l .  U r in a ry  c o n c e n t r a t io n s  o f b e n z id in e  in  th e  seven p o t e n t i a l l y  exposed workers ranged from below th e  l i m i t  of d e t e c t i o n  to  39 ppb; t h r e e  had b o th  b e n z id in e  and m onoacetyl b e n z id in e  in  th e  u r in e  (one dye tub o p e ra to r  and two d y e -w e ig h e r s ) . The fo u r  o th e r  p o t e n t i a l l y  exposed
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workers had no b e n z id in e  o r  m onoacety l b en z id in e  in  th e  u r i n e .  The t o t a l  a i r b o rn e  p a r t i c u l a t e  m a te r i a l  (measured g r a v i m e t r i c a l l y )  ranged from 1 to  A mg/cu m. N e i th e r  th e  dye c o n c e n t r a t io n  nor th e  types  of dye in  the  p a r t i c u l a t e s  were d e te rm in ed .
In  th e  o th e r  t e x t i l e  p l a n t ,  10 w orkers were a l s o  m onitored  in  the  same way. The dyes used were D i re c t  Blue 6 , D ire c t  Black 38, D ire c t  Brown 95, and D ire c t  Red 8. A ll  a i r b o rn e  c o n c e n t r a t io n s  were l e s s  than  2 mg t o t a l  p a r t i c u l a t e / c u  m. Some exposures  were e q u iv a le n t  to  th o se  in  the  f i r s t  t e x t i l e  dye f a c i l i t y .  At t h i s  f a c i l i t y ,  th e  amount of b e n z id in e -b a se d  dye in  th e  p a r t i c u l a t e  samples was measured c o l o r m e t r i c a l l y . The amount ranged from 0 to  29% by w eight i n  th e  d i f f e r e n t  sam ples . P re sence  of b en z id in e  in  th e  u r i n e  was expec ted  b u t  n o t  found [2 7 ] .
Dye exposure  in  th e  l e a t h e r  f i n i s h i n g  f a c i l i t y  was l im i t e d  to  D ire c t  Black 38 and D ire c t  Brown 95. Time-weighted average  (TWA) env ironm en ta l  c o n c e n t r a t io n s  were 0 .6 9 ,  5 .7 9 ,  and 10.65 mg/cu m ( th r e e  samples ea ch ) .Each of th e  t h r e e  w orkers p o t e n t i a l l y  exposed wore NIOSH-approved h a l f - f a c e  c a r t r i d g e  r e s p i r a t o r s .  No b e n z id in e  was found in  th e  u r in e  of th e  th r e e  workers [2 7 ] .
In  th e  s p e c i a l i t y  paper p ro c e s s in g  f a c i l i t y ,  23 env ironm en ta l  samples and 47 u r in e  samples were an a ly z e d .  The env iro nm en ta l  samples were a l l  l e s s  than  6 mg/cu m ( ran g e ,  0 .1 7 -5 .1 0  mg t o t a l  p a r t i c u l a t e  m a t t e r / c u  m ). In  t h i s  f a c i l i t y ,  management had r e c e n t l y  i n i t i a t e d  a program in  which r e s p i r a t o r  u se  was s t r i c t l y  e n fo rc e d .  A pproxim ately  1,667 kg (3 ,000 lb )  of D i r e c t  B lack 38 were consumed d u r in g  th e  3-day su rv ey .  D e sp i te  t h i s  heavy consum ption, no u r i n e  samples con ta in ed  b e n z id in e  [2 7 ] .
Time l i m i t a t i o n s  p rev en ted  extended  and re p e a te d  m o n ito r ing  of the  environm ent and th e  w orkers under a v a r i e t y  o f c o n d i t io n s  [2 7 ] .  The time of day f o r  u r i n e  c o l l e c t i o n ,  f o r  example, may be c r i t i c a l ,  because  exposure i s  most l i k e l y  d u r in g  work hours  and a m ajor p o r t io n  o f  the  b en z id in e  m e ta b o l i t e s  may have been e l im in a te d  in  th e  u r in e  b e fo re  spo t  sampling the  fo l lo w in g  day. T h is  p o s s i b i l i t y  o f a c y c l i c  type  of e x c r e t io n  p a t t e r n  i s  made more ap p a re n t  by work i n  e x p e r im en ta l  an im als  showing t h a t  th e  b en z id in e  m e ta b o l i t e s  o f D i r e c t  Black 38 were l a r g e l y  e x c re te d  w i th in  the  f i r s t  16 hours  a f t e r  dye in t a k e  [3 7 ] .  S ince  sp o t  samples were tak en  du r ing  th e  w o r k s h i f t ,  th e  peak e x c r e t io n  phase may have been m issed .
Th is  s tud y  [27] dem onstra ted  t h a t  b e n z id in e  can be found in  th e  u r in e  of w orkers who have c o n ta c t  on ly  w ith  th e  f i n i s h e d  dyes under th e  p re s e n t  working c o n d i t io n s  of th e  in d u s t r y .  No dye samples c o n ta in ed  more than  25 ppm b e n z id in e .  C a lc u la t io n s  p rov ided  in  th e  NIOSH r e p o r t  dem onstra ted  t h a t  th e  amount o f b en z id in e  found i n  u r in e  o f  th e  w orkers was too  g r e a t  to  have come only  from b e n z id in e  im p u r i ty  in  th e  dye, and thu s  was a m e tab o lic  breakdown p ro du c t  o f th e  dye. Even when i t  appeared  t h a t  s ta n d a rd  p r o t e c t i v e  equipment such as  c a r t r i d g e  r e s p i r a t o r s  were used , th e  occu rren ce  of b e n z id in e  i n  th e  u r in e  was n o t  n e c e s s a r i l y  p re v e n te d .  One p u lv e r i z e r  o p e ra to r  who was observed  to  be u s in g  a h a l f - f a c e  r e s p i r a t o r  had 52 ppb b e n z id in e  i n  h i s  u r i n e .  However, t h i s  worker was on ly  observed a
15
s h o r t  tim e and i t  i s  n o t  known w hether he used th e  r e s p i r a t o r  th roughout th e  day.
Follow ing  i d e n t i f i c a t i o n  of 2 ,4-d iam inoazobenzene ( a t  9 ,200 ppm) and 4- amino b ip h en y l  as con tam inan ts  i n  D i re c t  Black 38, th e  N a t io n a l  C enter fo r  T ech n ica l  R esearch  (NCTR) [37] re a n a ly z e d  some o f th e  th e  u r in e  samples from w orkers  s tu d ie d  in  th e  above NIOSH i n v e s t i g a t i o n  [2 7 ] .  Although q u a n t i t a t i v e  d a ta  were n o t  g iv e n ,  2 ,4-d iam inoazobenzene was r e p o r te d  to  be p re s e n t  in  some u r in e  samples b u t  n o t  4-amino b ip h en y l  [3 7 ] .  The I n t e r n a t i o n a l  Agency f o r  R esearch  on Cancer (IARC) has review ed th e  c a rc in o g e n ic  e f f e c t  o f  2 ,4-d iam inoazobenzene , and d e s ig n a te d  i t  an anim al ca rc in og en  [6 0 ] .  OSHA r e g u l a t e s  4-amino b ip h en y l  as a c a rc in og en  in  the  same manner as  b e n z id in e .
Genin [48] ana lyzed  th e  u r in e  o f 22 w orkers  who had p o t e n t i a l  lon g -te rm  c o n ta c t  w ith  b e n z id in e -b a se d  dyes d u r in g  th e  m anufac tu re  of th e  d i r e c t  azo dyes D i r e c t  Black 38, D i r e c t  Blue 2, D i r e c t  Blue 15, and D ire c t  Blue 218. He found b e n z id in e  i n  th e  u r in e  of 8 of th e  22 w orkers p o t e n t i a l l y  exposed and d i a n i s i d i n e  in  3. The c o n c e n t r a t io n s  of b e n z id in e  o r  d i a n i s i d i n e  in  th e  u r in e  ranged from what were d e s c r ib e d  as " t r a c e  amounts" to  300 ppb, b u t  th e  i n d iv i d u a l  l e v e l s  were n o t  r e p o r t e d .  A lthough t h i s  s tudy  dem onstra ted  t h a t  w orkers exposed to  b en z id in e -b a se d  o r d ia n i s id in e - b a s e d  dyes may have b e n z id in e  o r  d i a n i s i d i n e  i n  t h e i r  u r i n e ,  q u a n t i t a t i v e  exposure cou ld  n o t  be measured under th e  c o n d i t io n s  p r e s e n t , and dose -  re sp o nse  d a ta  were n o t  r e p o r te d .
K o ro s te le v a  e t  a l  [5 2 ,6 1 ] ,  i n  s t u d i e s  from 1966 to  1977, i d e n t i f i e d  a b e n z id in e  complex in  th e  serum o f w orkers i n  a t e x t i l e  f a c to r y .  The amount of th e  b e n z id in e  complex in  th e  serum depended on th e  e x te n t  and d u ra t io n  of exposure  to  d i r e c t  d y e s t u f f s  i n  th e  w orkp lace  [6 1 ] .  In  t h i s  s tu d y ,  th e  a u th o r  compared th e  b lood  serum of fem ale t e x t i l e  m i l l  w orkers (18-60 y e a rs  o ld )  w ith  t h a t  of n o n in d u s t r ia l ly - e x p o s e d  b lood  d o n o rs .  He found 22 of 77 w orkers  p o t e n t i a l l y  exposed to  any ty p e  of dye had b e n z id in e  complexed to  albumin i n  th e  serum, compared w ith  no in s t a n c e s  of t h i s  complex in  24 n o n in d u s t r ia l ly -e x p o s e d  blood  d o n o rs .  F u r th e r ,  th o se  w orkers exposed only to  d i r e c t  dyes showed an in c id e n c e  of 19 o f 40 , w h i le  21 w orkers exposed to  dyes t h a t  were n o t d i r e c t  d yes ,  o r  to  o th e r  i n d u s t r i a l  s u b s ta n c e s ,  had no b en z id in e -a lb u m in  complex i n  t h e i r  serum. S ince  th e  m ajor d i r e c t  dyes r e p o r te d  were b e n z id in e -b a se d  [ 1 ,2 ,3 8 ] ,  and th e  b en z id in e -a lb u m in  complex was on ly  found i n  th e  w orkers exposed to  d i r e c t  d y es ,  th e  only  re a so n a b le  so u rce  of th e  b e n z id in e  i n  th e  b lood  was from th e  b en z id in e -b a se d  dyes .
Thus, two R ussian  s t u d i e s  [48 ,61] and one US s tud y  [27] have dem onstra ted  t h a t  b e n z id in e  o r b e n z id in e  complexes a r e  p r e s e n t  i n  th e  body f l u i d s  of humans exposed to  b e n z id in e -b a se d  dyes .
Animal M etab o lic  S tu d ie s
As e a r ly  as  1911, i t  was known t h a t  azo dyes could  be m e tab o liz ed  to  s im p le r  components. S i s l e y  and P o rch e r  [62] r e p o r te d  t h a t  when dogs
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r e c e iv e d  o r a l  doses of Orange 1, a monoazo dye, th e  dye was r e d u c t iv e ly  c leaved  a t  th e  azo l in k a g e ,  r e s u l t i n g  in  s u l f a n i l i c  a c id  p ro d u c t io n  in  th e  u r i n e .  S i s l e y  and P orcher  f u r t h e r  dem onstra ted  t h a t  i t  was n ec e ssa ry  fo r  Orange 1 to  pass  th rou gh  th e  i n t e s t i n a l  t r a c t  to  be ly s e d .  They suggested  a t  t h a t  t im e t h a t  th e  m ic ro b ia l  f l o r a  o f th e  d ig e s t i v e  t r a c t  was e s s e n t i a l  f o r  th e  r e d u c t io n  o f t h i s  dye [6 2 ] .  In  1970, Walker reviewed the  m etabolism  of azo compounds and concluded t h a t  many s p e c ie s  of an im a ls ,  y e a s t ,  and b a c t e r i a  could  reduce  th e  azo l in k a g e  [5 5 ] .  The n o n s p e c i f i c i t y  of a z o re d u c ta se  has been r e p e a te d ly  dem onstra ted  [5 4 -5 7 ] .  T h is  enzyme r a p id l y  and e f f i c i e n t l y  b reak s  th e  double  bond in  the  N=N l in k a g e  r e g a r d l e s s  of th e  o th e r  e n t i t i e s  i n  th e  s u b s t r a t e .
The N a t io n a l  Cancer I n s t i t u t e  found t h a t  bo th  r a t s  and mice can m e tab o liz e  b en z id in e -b a se d  dyes to  b e n z id in e  [2 9 ] .  P r i o r  to  fe e d in g  D ire c t  Black 38, D ire c t  Brown 95, and D ire c t  Blue 6 in  th e  d i e t ,  th e  i n v e s t i g a t o r s  ana lyzed  each b a tch  of dye, and d e te c te d  no f r e e  b e n z id in e  ( d e te c t io n  l i m i t  was 0.004%). The amounts o f b e n z id in e  found in  u r in e  of th e  anim als  a re  g iven  in  T ab les  IV-3 and IV -4 .
Although th e re  was no d i r e c t  c o r r e l a t i o n  between th e  amount of b en z id in e  e x c re te d  in  th e  u r in e  and th e  in c id e n c e  of tumors in  r a t s ,  each anim al fed  dye e x c re te d  b e n z id in e ,  and th e  amount e x c re te d  was d o s e - r e la t e d  in  most c a se s  to  th e  amount o f dye a d m in is te red  [2 9 ] .  S ince  food consumption was n o t  r e p o r te d ,  i n d i v i d u a l  d o s e - e x c re t io n  r a t i o s  could no t be c a l c u l a t e d .
B enzid ine  was measured in  th e  u r i n e  of mice and r a t s  3 and 11 and 4 and 12 weeks, r e s p e c t i v e l y ,  a f t e r  th e  experim ent began [2 9 ] .  The mice e x c re te d  app rox im ate ly  th e  same amount o f  b e n z id in e  a t  3 weeks as  th e  r a t s  d id  a t  4 weeks, and, in  g e n e ra l ,  th e  mice e x c re te d  c o n s id e ra b ly  more a t  11 weeks than  r a t s  e x c re te d  a t  12 weeks. There were no tumors found in  mice by 93 days , w h ile  h igh  in c id e n c e s  were found in  r a t s  exposed f o r  th e  same p e r io d .  S ince  b en z id in e  a lo n e  d id  n o t  p roduce tumors in  r a t s  u n t i l  app rox im ate ly  6 months of exposure a t  h igh  doses [1 4 ] ,  th e  p ro d u c tio n  of tumors in  r a t s  by 93 days sugges ted  t h a t  th e  p a r e n t  dye (o r a m e ta b o l i t e  o th e r  than  b e n z id in e )  was th e  a c t i v e  ca rc in og en  and t h a t  c a r c in o g e n i c i ty  d id  no t depend e x c lu s iv e ly  on th e  p re se n c e  of b e n z id in e ,  per s e .  The NCI r e p o r t  concluded t h a t  th e  b e n z id in e  found in  u r in e  was a p roduc t  of dyeb io t r a n s fo r m a t io n  and no t from a b e n z id in e  contam inant i n  th e  dye [29 ].  The r o l e  of o th e r  known ca rc in o g e n s  in  th e s e  dyes ,  such as 4-amino b ipheny l  or 2 ,4 -d iam inoazobenzene [3 7 ] ,  was n o t  examined; s in c e  they  were notsu sp ec ted  con tam inan ts  a t  t h a t  t im e ,  no a n a ly s i s  was c a r r i e d  ou t toe s t a b l i s h  t h e i r  p re se n c e  o r  absen ce . I t  should  be noted  t h a t  the  a n a l y t i c a l  te c h n iq u e s  used in  th e  NCI s tudy  were c o lo r im e t r i c  a ssay s  s im i l a r  to  th e  one d e s c r ib e d  in  Appendix I .  These methods a r e  no t  s p e c i f i c  fo r  b e n z id in e ,  and i t  i s  p o s s ib l e  t h a t  m e ta b o l i t e s  a n d /o r  o th e r  a rom atic  amines were r e s p o n s ib le  f o r  th e  c o l o r i m e t r i c  re sp o n se  [29 ] .
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TABLE IV-3
BENZIDINE EXCRETION PER RAT (¿ig/24 h)*
Dye D ie ta ry  C o n c e n tra t io n ,  ppm 4
Weeks on D ie t 12Male Female Male Female
D ire c t  Blue 6
3,000 o r 1,500** 5 .8 (0 .9 )* * * 8 .0 (6 .7 ) 0.77 (0 .65) 0 .55 (0 .29)750 1.4 (0 .8 ) 0 .94 (0 .27) 0.32 (0 .10) 0.29 (0 .18)190 0.85 (0 .18) 0.62 (0 .17 ) 0 .44 (0 .41) 0.16 (0 .10 )
D ire c t  Black 38
1,500 3.6 (4 .8 ) 16.8 (n=2) 0.16 (0 .03) 0.31 (0 .16)750 1.7 (n=2) 2 .1 (0 .06 ) 0.46 (0 .09) 1.4 (0 .35)190 0.55 (0 .31 ) 0.44 (0 .13 ) 0.49 (0 .39) 0 .43 (0 .32)
D ire c t  Brown 95
750 4 .2 (1 .3 ) 3.7 (2 .9 ) 0.44 (0 .12 ) 1 .1 (n=l)375 1 .0 (0 .77 ) 4 .2 (1 .3 ) 5 .8 (9 .7 )190 0 .80 (n=2) 0 . 6 6 (0 .24) 0.29 (0 .11 ) 0.27 (0 .05)
*Samples from u n t r e a te d  c o n t r o l s  taken  a t  weeks 4 and 12 showed no b en z id in e  when s p o t t e d  on TLC p l a t e s .**Female r a t s  a t  week 4 were from th e  3,000-ppm group; male r a t s  a t  week 4 and bo th  m ales and fem ales  a t  week 12 were from the  1,500-ppm group.***Numbers in  p a re n th e s e s  a r e  s ta n d a rd  d e v i a t i o n s .  I f  fewer than  th re e  samples were ave rag ed , th e  number of samples i s  g iv en  in  p a ren th e se s  i n s t e a d .
Adapted from r e f e r e n c e  29
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TABLE IV-4
BENZIDINE EXCRETION PER MOUSE (Mg/24 h)*
Dye Weeks on D ie tD ie ta ry 3 11C o n c e n tra t io n ,  ppm Male Female Male Female
D ire c t  Blue 6
12,500 5 .2 (0 .85 )** 5.1 (n=2) 2 .4 (1 .3 ) 5 .5 (1 .0 )3,000 0.97 (0 .32 ) 1 .1 (0 .35) 1.7 (0 .62 ) 3.1 (0 .94)750 0.55 (0 .65) 0 .31 (0 .023) 1 .1 (0 .72) 0.52 (0 .17)
D ir e c t  Black 38
12,500 1 2 .8 (2 .8 ) 6 .08 (1 .8 ) 14.4 (2 .7 ) 8 .6 (1 .0 )3,000 3.5 (2 .1 ) 7 .3 (n=2) 7 .3 (2 .2 ) 7.4 (1 .7 )750 3 .6 (3 .4 ) 3 .0 (2 .7 ) 2 . 8 (3 .2 ) 2 . 0 (1 .8 )
D ire c t  Brown 95
12,5003.000 7506 .0 0 0  1,500375
9 .44 .70.39
*
(n=2)(0 .93 )(0 .09) 3 .5
2 . 80.56
(1 .8 )(0 .85 )(0 .19 )
7.51 .20 .49
(0 .90 )(0 .20 )(0 .23) 3 .20.350.19
(0 .59 )(0 .12 )(0 .12 )
*Samples from u n t r e a te d  c o n t r o l s  tak en  a t  weeks 3 and 11 showed no b en z id in e  when s p o t te d  on TLC p l a t e s .**Numbers in  p a re n th e se s  a r e  s ta n d a rd  d e v i a t i o n s .  I f  fewer than  th r e e  samples were ave rag ed , th e  number of samples i s  g iv en  in  p a re n th e se s  i n s t e a d .
Adapted from r e f e r e n c e  29
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Aromatic amines, such as b e n z id in e ,  produce tumors on ly  i n d i r e c t l y  [24 ] .  They a re  f i r s t  conv er ted  by th e  body to  a more r e a c t i v e  su b s ta n c e ,  which has been termed th e  u l t im a te  (o r  p rox im ate) c a rc in og en  [2 4 ] .  The NCI i n v e s t i g a to r s  [29] d id  no t  a t tem p t  to  i d e n t i f y  s p e c i f i c  m e ta b o l i t e s  of b e n z id in e ,  and i t  i s  no t  known i f  N-hydroxy d i a c e t y l  b en z id in e  (one m e ta b o l i te  sugg ested  as  th e  u l t im a te  ca rc in o g en  [2 4 ,6 3 ])  was among the  m e ta b o l i t e s  in  e i t h e r  th e  r a t  o r  mouse u r i n e .
Rinde [34] and Rinde and T r o l l  [64] r e p o r te d  t h a t  when any of fou r  b en z id in e -b a se d  dyes ,  D i re c t  Blue 6 , D ire c t  Black 38, D i r e c t  Brown 95, and D ire c t  Red 28 (Congo R e d ) , was ad m in is te red  to  rh e su s  monkeys by gavage, b en z id in e  and i t s  m onoacetyl d e r i v a t i v e  could  be d e te c te d  in  th e  u r in e  on an average  of 1.25% of th e  b en z id in e  m oiety  in  th e  dyes s tu d ie d .  Whenb en z id in e  i t s e l f  was fe d ,  f r e e  b en z id in e  and i t s  m onoacety l d e r i v a t i v e  were d e te c te d  in  th e  u r in e  on th e  average  of 1.45% of th e  o r i g i n a l  b en z id in e  fe d .  The a u th o rs  [34,64] concluded on th e  b a s i s  of th e  above ev idence  t h a t  n e a r ly  t o t a l  c o n v ers ion  of th e  dye to  b e n z id in e  took p la c e .  However, t h i s  may n o t be th e  case  because  w a te r - s o lu b le  m e ta b o l i t e s  of b en z id in e  o r th e  dye may c o n s t i t u t e  a d i f f e r i n g  p ro p o r t io n  of th e  m e ta b o l i t e s  than  th e  s p a r in g ly - s o lu b le  p o r t io n  [37 ] .
Because each dye was ad m in is te red  in  d im ethy l s u l f o x id e  (DMSO),a b s o rp t io n  of th e  dye from th e  i n t e s t i n e  would be expec ted  to  be g r e a t e r  than  when a d m in is te red  in  aqueous s o l u t i o n ,  s in c e  DMSO enhances s o l u b i l i t y  and a b s o rp t io n .  S ince no o th e r  m e ta b o l i t e s  were i n v e s t i g a t e d ,  NIOSH does no t c o n s id e r  th e  r e p o r t ' s  co n c lu s io n  of com plete co n v ers ion  of b e n z id in e -  based dyes to  b en z id in e  as  a p p r o p r i a t e .  N e v e r th e le s s ,  th e  f a c t  was e s t a b l i s h e d  t h a t  t h e r e  i s  a t  l e a s t  p a r t i a l  c o n v ers io n  of each of th e  fo u r  dyes to  b e n z id in e  under th e  c o n d i t io n s  of th e  experim en t .
D ire c t  Black 38 and D ire c t  Blue 6 dyes a t  0.04% (400 ppm) were i n j e c t e dby N i i t s u  [33] i n t o  th e  l i g a t e d ,  in cu ba ted  i n t e s t i n e s  of m ice. Benzidinewas i s o l a t e d  from th e  i n t e s t i n a l  c o n te n ts  a f t e r  in t ro d u c in g  D ire c t  Black 38 but no t  a f t e r  in t ro d u c in g  D ir e c t  Blue 6 . D ire c t  Black 38, D i re c t  Green 1, D ire c t  Red 17, and D ire c t  Red 28 dyes were i n j e c t e d  by Yoshida and Miyakawa in to  l i g a t e d ,  in c u b a ted  i n t e s t i n e s  of mice and r a t s  i n  s i m i l a r  experim ents  [47], B enz id ine  was d e te c te d  as a m e ta b o l ic  p roduc t  of th e  dye in  each c a se .  In  c o n t r o l  experim ents  i n  which th e  dye s o lu t io n  was i n s t i l l e d  in to  the  i n t e s t i n e s  t h a t  were tu rned  i n s i d e  o u t ,  no f r e e  b e n z id in e  was d e te c te d[47].
Dieckhues [65] i n v e s t ig a t e d  th e  a b i l i t y  of 21 common b a c t e r i a l  sp e c ie s  to  reduce  azo dyes . A ll  s p e c ie s  t e s t e d  were capab le  of t h i s  a c t i o n .  D ire c t  Red 10, D i r e c t  Red 17, D ire c t  Red 28, D i r e c t  Orange 8, and D ire c t  Black 38 were found to  be s u s c e p t ib l e  to  azo r e d u c t io n  in  t h i s  s tu d y .  Thus, b a c t e r i a l  l y s i s  o f  th e  azo bond in  th e  i n t e s t i n e  i s  p robab ly  a b a s ic  means of producing  b e n z id in e  from th e  b en z id in e -b a se d  dyes . T h is  b en z id in e  i s  then  a v a i l a b l e  to  be absorbed  i n to  th e  body and e x c re te d  by the  k idney  to  produce an e f f e c t  on th e  b la d d e r .  An in c r e a s e  in  th e  b a c t e r i a l  azo re d u c ta se  enzyme l e v e l  i n  th e  i n t e s t i n e  was b rough t about in  F is c h e r  344 r a t s  by feed in g  a m eat-based  d i e t  in  p la c e  of th e  normal g ra in -b a se d  d i e t
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[66 ] .  I t  i s  no t known w hether r a t s  g iven  b e n z id in e -b a se d  dyes to g e th e r  w ith  a m eat-based  d i e t  would e x c r e te  more b e n z id in e  in  th e  u r in e  than  when fed  th e  dyes to g e th e r  w ith  a g ra in -b a s e d  d i e t  (such as  used in  th e  NCI s tu d y ) ,  b u t  such an e f f e c t  would n o t  be unex p ec ted .  T h is  i s  s i g n i f i c a n t ,  s in c e  man g e n e ra l ly  consumes a d i e t  h ig h  in  meat p r o t e i n .
A rev iew  a r t i c l e  on b e n z id in e  m etabolism  [55] c a l l e d  a t t e n t i o n  to  r e s u l t s  from v a r io u s  i n v e s t i g a t i o n s  [57 ,67] t h a t  showed t h a t  a v a r i e t y  of azo dyes in c lu d in g  b e n z id in e -b a se d  dyes were r e d u c ib l e  a t  th e  azo l in k a g e .  In  th e  case  of a zo n a p h th o ls ,  r e d u c t io n  o ccu rred  f a r  more r e a d i l y  in  the  b a c t e r i a l  system than  th e  l i v e r  p r e p a r a t io n  [5 7 ] .  D i r e c t  Blue 6, however, w h ile  r e d u c ib le  i n  v iv o  [ 2 ,3 4 ] ,  was n o t  r e p o r te d  to  be r e d u c ib le  by th e  i n t e s t i n a l  b a c t e r i a  of fem ale  mice o f a s t r a i n  d e s ig n a te d  as dd [33 ].
Yoshida e t  a l  r e p o r te d  i n  1973 t h a t  D i r e c t  Black 38 (D ire c t  Deep Black EX) was r e d u c ib le  b o th  by E c o l i  and common s o i l  b a c t e r i a  [6 7 ] .  The I£ c o l i  used were i s o l a t e d  from humans. The common s o i l  b a c t e r i a  were those  tak en  from s o i l  as w e l l  as from raw r i v e r  w a te r .  T h in - la y e r  chromatography was used fo r  b e n z id in e  d e t e c t i o n ,  and adequa te  n e g a t iv e  and p o s i t i v e  c o n t ro l s  were u sed .  B enzid ine  was found to  be a r e d u c t io n  p roduc t from a l l  b a c t e r i a l  samples used . In  a d d i t i o n ,  Yoshida e t  a l  dem onstra ted  t h a t  3 g of c o t to n  c lo th  dyed w ith  D ire c t  B lack 38 y ie ld e d  b e n z id in e  when incu ba ted  w ith  th e  b a c t e r i a l  f l o r a  of raw r i v e r  w a te r  fo r  72 h o u rs .  The c o lo r  of the  f a b r i c  faded  under th e  a c t i o n  of th e  b a c t e r i a  b u t  no t when in cu ba ted  fo r  2 weeks w ith  d i s t i l l e d  w a te r .  T h is  i s  th e  on ly  i n v e s t i g a t i o n  found in  the  l i t e r a t u r e  t h a t  d e a l t  w ith  b a c t e r i a l  breakdown of b e n z id in e -b a se d  dyes once the  dye i s  a t ta c h e d  to  a f a b r i c .  The im portance  of t h i s  i n v e s t i g a t i o n  can a ls o  be a p p re c ia te d  by c o n s id e r in g  t h a t  w h i le  i n t a c t  b en z id in e -b a se d  dyesmay n o t  p e n e t r a t e  th e  s k in  [34] , th e  b e n z id in e  p o r t io n  of th e  m olecule  i sr e a d i l y  absorbed  through  th e  s k in  [ 7 - 9 ,1 1 ,1 4 ,1 6 ,1 7 ,4 5 ] .  S ince  E c o l i  i s  a b a c t e r i a  commonly found on th e  s k in ,  i t  i s  l i k e l y  t h a t  th e  dye a t ta c h e d  to  a b e n z id in e -b a se d  dyed f a b r i c  t h a t  c o n ta c t s  th e  s k in  w i l l  b reak  down to  b e n z id in e .  S ince  b e n z id in e  can be absorbed  d i r e c t l y  th rough  th e  s k in ,f a b r i c  w ith  b en z id in e -b a se d  dyes can be a so u rce  of t h i s  compound. II c o l ii s  u n u su a l ly  r e s i s t a n t  to  th e  b a c t e r i o s t a t i c  e f f e c t  of dyes in  g e n e ra l  and grows a t  tem p e ra tu re s  as low as  20 C [6 8 ] .
In  1977, K o ro s te le v a  e t  a l  [52] dem onstra ted  t h a t  r a t s  of an u n s p e c i f ie d  s t r a i n ,  g iv en  500 mg of D i r e c t  Red 10 o r a l l y  each day, could m e tab o liz e  t h i s  b e n z id in e -b a se d  dye to  b e n z id in e ,  which then  ac te d  as a h ap ten  forming a complex w ith  p r o t e i n  in  th e  l i v e r  and k idney  w i th in  4 days a f t e r  th e  i n i t i a l  dose .  By th e  30th  day, th e  b e n z id in e  complex was p re s e n t  in  th e  b lood . The i n v e s t i g a t o r s  r e p o r te d  a c o r r e l a t i o n  between th e  c a r c in o g e n ic i ty  of D i r e c t  Red 10 and i t s  a b i l i t y  to  form a n t ig e n s  c o n ta in in g  th e  b en z id in e  m oiety  i n  v iv o .
M etabolism  s tu d i e s  on D ire c t  Black 38 were r e c e n t l y  completed fo r  NIOSH a t  th e  N a t io n a l  C enter f o r  T o x ic o lo g ic a l  R esearch ,  in  J e f f e r s o n ,  Arkansas [3 7 ] .  S e n s i t i v e  as w e l l  as  s p e c i f i c  a n a l y t i c a l  chem ical methods were developed f o r  a ssay  of th e  known and th e  proposed im p u r i t i e s  i n  D ire c t  Black 38 as  w e l l  as i t s  known and proposed m e t a b o l i t e s .  S im i la r  s tu d i e s
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were c a r r i e d  ou t f o r  p o s s ib l e  m e ta b o l i t e s  of th e  su b s ta n ce  Pigment Yellow 12, a pigment c o n ta in in g  and deri-ved from 3 , 3 ' - d i c h lo r o b e n z id in e .  T h is  pigment was n o t  m e tab o liz ed  to  b e n z id in e ,  d ic h lo ro b e n z id in e ,  2 ,4 -  diam inoazobenzene, o r  4-amino b ip h e n y l ,  con firm ing  p r i o r  s t u d i e s  in  o th e r  s p e c ie s  [3 5 ] .
F i f t e e n  male S y rian  go lden  ham sters  w eighing  app rox im ate ly  110 g were ad m in is te red  D ir e c t  B lack 38 a t  100 mg/kg by g a s t r i c  lavage  [3 7 ] .  U rine  was c o l l e c t e d  f o r  a n a l y s i s  a t  i n t e r v a l s  up to  7 d ay s .  Three ham sters  were used as c o n t r o l s .  The d ry ,  p u r i f i e d  dye was ana lyzed  and found to  c o n ta in  3 ppm b e n z id in e ,  6 ppm 4-amino b ip h e n y l ,  and 670 ppm 2 ,4 -d iam inoazobenzene . F u r th e r  a t te m p ts  a t  p u r i f i c a t i o n  to  e l im in a te  th e  2 ,4 -d iam inoazobenzene were u n s u c c e s s fu l .
The m ajor p o r t io n  o f a l l  m e ta b o l i t e s  of D i r e c t  Black 38 was e x c re te d  w i th in  16 hours  a f t e r  a d m in i s t r a t i o n .  The averag e  t o t a l s  of m e ta b o l i t e s  ex c re te d  by 16 hours  a r e  shown i n  T ab le  IV-5.
TABLE IV-5
METABOLITES OF DIRECT BLACK 38 EXCRETED WITHIN 16 HOURS
M e ta b o l i te (mg)
B enzid ine 7.4
Monoacetyl b e n z id in e 424
D ia c e ty l  b en z id in e 2 1 .0
4-Amino b ip h en y l 9.9
H ydro lyzab le  b en z id ine* 257
H ydro lyzab le  4-amino b ip hen y l* 5.1
*H ydrolyzable  means t h a t  th e s e  su b s ta n ce s  were o r i g i n a l l y  p re s e n t  as  c o n ju g a te s  and were d iv id e d  by adding sodium h yd ro x id e .
Adapted from re f e r e n c e  37
T h is  a n a ly s i s  would accoun t f o r  app ro x im ate ly  10% o f th e  b en z id in e  m oiety  a v a i l a b l e  in  th e  D i r e c t  B lack 38 o r i g i n a l l y  fed  to  th e s e  a n im a ls .
The p resence  of 4-amino b ip h en y l  as a m e ta b o l i t e  i n  th e  ham ster u r in e  i s  s i g n i f i c a n t  i n  t h a t  4-amino b ip h en y l  i s  a su b s ta n ce  r e g u la te d  by OSHA as
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a ca rc in og en  in  th e  same manner as  b e n z id in e  [7 ] .  In  a d d i t i o n ,  th e  p re sence  of r e l a t i v e l y  h ig h  c o n c e n t r a t io n s  of monoacetyl b en z id in e  and h y d ro ly z a b le  b en z id in e  in  th e  u r in e  means t h a t  a t  some p o in t  the  t o t a l  exposure of each anim al to  b e n z id in e  in  t h i s  experim ent must have been s e v e r a l  o rd e r s  o f m agnitude g r e a t e r  than  t h a t  i n d ic a t e d  by the  c o n c e n t r a t io n  of b e n z id in e  i t s e l f  i n  th e  u r in e  [3 4 ,3 7 ] .  In  monkeys, Rinde [34] was a b le  to  re c o v e r  app rox im ate ly  1.5% of th e  b e n z id in e  co n ta in ed  in  each of fo u r  b en z id in e -b a se d  dyes a s  b e n z id in e  o r m onoacety l b e n z id in e .  A m ajor p o r t i o n  of b e n z id in e  would be expec ted  to  be e x c re te d  in  a con juga ted  form and would n o t  be d e te c te d  u n le s s  th e  u r in e  i s  f i r s t  t r e a t e d  w ith  an a l k a l i  to  h yd ro ly ze  th e  co n ju g a te s  o f b e n z id in e .  Methods developed up to  t h i s  p o in t  have n o t  in c lu d ed  a h y d r o ly s i s  s t e p .  F u tu re  methods fo r  m o n ito r ing  human u r in e  shou ld  u t i l i z e  a h y d r o ly s i s  s t e p  to  p ro v ide  th e  most s e n s i t i v e  i n d i c a t o r  o f exposure  to  b en z id in e -b a se d  dyes [37 ] .
The I n t e r n a t i o n a l  B us in ess  Machines C o rp o ra t io n  r e c e n t l y  re p o r te d  p re l im in a ry  d a ta  to  th e  Environm enta l P r o t e c t i o n  Agency on a t e s t  to  determ ine  p o s s ib l e  sk in  a b s o rp t io n  o f D ire c t  Black 38 in  r a b b i t s  [69 ] .  The d iphen y l p o r t i o n  of D i r e c t  B lack 38 was f i r s t  l a b e le d  w ith  ca rbon -14 . A p r o p r i e t a r y  m ix tu re  of D i r e c t  Black 38 was th en  a p p l ie d  to  th e  sk in  of two r a b b i t s .  At th e  end o f 144 h o u rs ,  91% of th e  r a d i o a c t i v i t y  was recovered  in  the  u r in e  and f e c e s  of th e  r a b b i t s .  T h is  i n d i c a t e s  t h a t  D ire c t  Black 38 or a p o r t i o n  of th e  m olecu le  had p e n e t r a te d  th e  s k in .  P rev io u s  work by Rinde in  monkeys had n o t shown sk in  a b s o rp t io n  in  t h a t  s p e c ie s  [34 ].
In  a n o th e r  p re l im in a r y  s tu d y ,  Matthews [70] examined th e  fo l low in g  b e n z id in e -b a se d  dyes: D i r e c t  Blue 2, D ire c t  Black 4 , D i r e c t  Brown 2,D ire c t  Red 28, D i r e c t  Orange 8 , and D ire c t  Green 1. Each was fed  to  one of s ix  fem ale mongrel dogs a t  100 mg/kg. B enzid ine  i t s e l f  was fed  to  a sev en th  dog as a p o s i t i v e  c o n t r o l .  The t r e a t e d  dogs were h e ld  in  in d iv id u a l  m etabolism  cages ,  where they  re c e iv e d  food and w ate r  ad l ib i tu m .  The u r in e  was c o l l e c t e d  d a i l y  fo r  3 d ay s ,  and ana lyzed  f o r  b e n z id in e .  The amount of b e n z id in e  measured in  each u r in e  v a r ie d  from 320 to  1,675 /ig, b u t ,  in  every  c a s e ,  dye a d m in i s t r a t io n  r e s u l t e d  in  th e  e x c re t io n  of b e n z id in e .  In  th e  ca se  of D ire c t  Brown 2, b e n z id in e  e x c re t io n  a f t e r  a d m in i s t r a t io n  of th e  dye exceeded t o t a l  u r i n a r y  b e n z id in e  e x c re t io n  observed in  th e  p o s i t i v e  c o n t r o l  dog g iven  pure  b e n z id in e .
These r e s u l t s  i n c r e a s e  to  11 th e  number o f dyes t h a t  have been dem onstra ted  to  be m e tab o liz ed  to  b e n z id in e  i n  humans, monkeys, r a t s ,  h am s te rs ,  m ice, o r  dogs [ 2 7 ,2 9 ,3 3 ,3 4 ,4 7 ,4 8 ,6 1 ,6 4 ,7 0 ] .
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V. EVALUATION AND CONCLUSIONS
B enz id ine ,  an in te rm e d ia te  in  th e  s y n th e s i s  o f most b en z id in e -b a se d  dyes , i s  c o n t r o l l e d  as a human ca rc in ogen  in  th e  w orkp lace .  When a F e d e ra l  s ta n d a rd  fo r  b e n z id in e  (29 CFR 1910.1010) was prom ulgated  in  1974, th e r e  was l i t t l e  ev idence  to  su gg es t  t h a t  dyes p repa red  from b en z id in e  were c a rc in o g e n ic .  S ince  th e n ,  a number of c a ses  of b la d d e r  cancer  have been re p o r te d  in  two groups o f workers w ith  exposure  to  b en z id in e -b a se d  dyes [4 7 ,4 8 ] .  These r e p o r t s  a r e  m eaningfu l i n  t h a t  they  p ro v id e  ev idence  t h a t  man i s  s u s c e p t ib l e  to  th e  c a rc in o g e n ic  a c t i o n  of th e s e  d yes .  However, th e  major ev idence  f o r  th e  c a rc in o g e n ic  a c t io n  of b e n z id in e -b a se d  dyes i s  found in  c o n t r o l l e d  anim al s t u d i e s .  R a ts  fed  D i re c t  Blue 6 , D i r e c t  Black 38, and D ire c t  Brown 95 developed tumors in  as  l i t t l e  time as 5 weeks [29 ] .  By 13 weeks, many exposed r a t s  developed  hepatocarc inom as or n e o p l a s t i c  n o d u les .  In  a s e p a r a te  s tud y  in  which r a t s  were fed  D i r e c t  Red 10, c a rc in o g e n ic  a c t i v i t y  was a l s o  dem onstra ted  [52 ] ,  In  y e t  a n o th e r  s tu d y ,  D ire c t  Black 38 was found to  be c a rc in o g e n ic  in  r a t s  when g iven  a t  lower doses over a lo n g e r i p e r io d  of tim e [53 ] .  S ince  th e  r e s u l t s  in  anim als  su p p o rt  th e  f in d in g s  in  humans, i t  must be concluded t h a t  b e n z id in e -b a se d  dyes may cause cancer  i n  humans.
S tu d ie s  on l i g a t e d  i n t e s t i n e  [33] and b a c t e r i a  commonly p re s e n t  in  the  i n t e s t i n e  [65] have shown t h a t  th e  azo l in k a g e  can be broken to  y i e l d  b en z id in e  from D ire c t  Black 38, D i r e c t  Red 10, D i re c t  Red 17, D ire c t  Red 28, and D ire c t  Orange 8. While i n h a l a t i o n  i s  a m ajor r o u te  of employee exposure to  b en z id in e -b a se d  dyes [2 7 ,2 8 ,4 8 ] ,  many of th e  in h a le d  dye p a r t i c l e s  may be too  l a r g e  to  re a c h  and be r e t a in e d  in  th e  lung . They then  would be r e tu r n e d  to  th e  e p i g l o t t i s  by th e  c i l i a l  a c t io n  of th e  b ro n c h ia l  mucosa o r t rapp ed  by n a s a l  im p ac t io n ,  and then  swallowed so t h a t  they  become a v a i l a b l e  f o r  a b s o r p t io n  by th e  body. In  a d d i t i o n ,  hand to  mouth t r a n s f e r ,  c o n tam in a tio n  of fo o d s ,  or poor work p r a c t i c e s  would lead  to  o r a l  in g e s t io n  of th e  dyes .  B a c t e r i a l  r e d u c t io n  in  th e  i n t e s t i n e  would r e p r e s e n t  one sou rce  of b e n z id in e  in  such c a s e s .
Other a v a i l a b l e  ev idence  su g g es ts  t h a t  c le av ag e  of th e  azo l in k a g e  of the  dye a ls o  o ccu rs  a f t e r  a b s o rp t io n  of th e  dye, r e s u l t i n g  in  th e  r e l e a s e  of b en z id in e  in  v iv o .  B enzid ine  has been found in  th e  u r in e  of w orkers who handled  b en z id in e -b a se d  dyes i n  th e  dye m an ufac tu r ing  and t e x t i l e  i n d u s t r i e s  [2 7 ] .  In  a R ussian  s tu d y ,  abou t h a l f  o f  th e  t e x t i l e  m i l l  workers examined who hand led  d i r e c t  dyes had b en z id in e -a lb u m in  complexes in  the  blood [61 ] .  In  a n o th e r  R ussian  s tu d y ,  8 of 22 w orkers who handled  b e n z id in e -b a se d  and o - d ia n i s id in e - b a s e d  dyes had b e n z id in e  in  th e  u r in e[48].  In  t h i s  l a t t e r  s tu d y ,  exam ination  of company re c o rd s  r e v e a le d  f i v e  cases  of b la d d e r  c a n c e r .  B enz id ine  has a l s o  been i d e n t i f i e d  in  th e  u r in e  of mice [2 9 ] ,  r a t s  [2 9 ] ,  ham sters  [2 2 ,3 7 ] ,  dogs [7 0 ] ,  and monkeys [34,64] exposed to  a number of b en z id in e -b a se d  d y e s .
F u r th e r  r e s e a r c h  i s  needed to  c l a r i f y  th e  i s s u e  of s k in  a b s o rp t io n  of the  dyes .  However, i t  i s  known t h a t  D i re c t  Black 38 can be reduced to
24
b en z id in e  by b a c t e r i a  commonly found on th e  s k in  [6 7 ] .  T h is  su g g e s ts  t h a t  th e  dermal ro u te  could  be a so u rce  o f employee exposure  s in c e  b en z id in e  i s  r e a d i l y  absorbed  th rough  th e  s k in  [9 ] .  P re l im in a ry  work in  r a b b i t s  su p p o r ts  t h i s  as a p o s s ib l e  r o u te  o f exposure  [6 9 ] .
The ev idence  p re s e n te d  above d em on s tra tes  t h a t  b e n z id in e  i s  a m e tab o lic  p ro du c t  of a t  l e a s t  .11 b e n z id in e -b a se d  dyes . The a z o re d u c ta se  enzyme t h a t  b reak s  down th e s e  dyes to  b e n z id in e  i s  u b iq u i to u s  and g e n e r i c .  I t  a c t s  on a m u l t i tu d e  of azo compounds, c o n ta in in g  a l a r g e  v a r i e t y  o f in d iv id u a l  components and has been observed  to  c le a v e  th e  N=N l in k a g e  common to  th e se  compounds. The a b i l i t y  to  be m e tab o liz ed  in  v ivo  to  a known ca rc in o g en  i s  s u f f i c i e n t  ev idence  to  n e c e s s i t a t e  r e g u l a t i o n  of a l l  b e n z id in e -b a se d  dyes . In  a d d i t i o n ,  animal experim en ts  have su gg es ted  t h a t  th e s e  dyes could  have a g r e a t e r  p o t e n t i a l  f o r  c a r c in o g e n ic i ty  than  b e n z id in e  a lo n e ,  s in c e  th e  dyes have been re p o r te d  to  form tumors much more q u ic k ly  than  b en z id in e  [29 ].  T h e re fo re ,  b en z id in e -b a se d  dyes may be a more ro b u s t  sou rce  of th e  u l t im a te  ca rc in o g e n .  I m p u r i t i e s  in t ro d u c e d  i n  th e  m anufac tu re  o f th e  dye may a l s o  be a f a c t o r .  For example, 4-amino b ip h en y l  and 2 ,4-diam inoazobenzene were i d e n t i f i e d  in  com m ercially  p repa red  D ire c t  B lack 38 [3 7 ] .  Bothcon tam inants  a re  im p o r tan t  because  2 ,4-diam inoazobenzene i s  c o n s id e red  a ca rc in og en  by IARC [SO] and 4-amino b ip h en y l  i s  r e g u la te d  as a human ca rc in o g en  (29 CFR 1910.1011). M utagenesis  t e s t s  u s in g  th e  S alm onella  typhimurium (TA-98 and TA-100) a ssay  w ith  a c t i v a t i o n  were p o s i t i v e  f o r  the  fo l lo w in g  su b s ta n c e s :  th e  u r in e  of h am sters  fed  D i re c t  Black 38, th e  majorm e ta b o l i t e s  o f t h i s  dye (b e n z id in e ,  m onoacetyl b e n z id in e ,  d i a c e ty l  b e n z id in e ,  and 4-amino b ip h e n y l ) ,  and th e  dye i t s e l f  [3 7 ,7 2 ] .
S tu d ie s  have r e p o r te d  t h a t  fo u r  b e n z id in e -b a se d  dyes r a p id l y  induce cancer  in  exp e r im en ta l  a n im a ls ,  su g g e s t in g  t h a t  th e s e  su b s ta n ce s  may have a g r e a t e r  c a rc in o g e n ic  p o t e n t i a l  than  can be a t t r i b u t e d  to  t h e i r  m e ta b o l i t e  b en z id in e  a lo n e .  O ther s t u d i e s  have r e p o r te d  a number o f ca ses  of b la d d e r  c ancer  i n  two groups of w orkers exposed to  b e n z id in e -b a se d  d yes ,  b u t  n o t  to  b e n z id in e .  In  a d d i t i o n ,  a l l  of th e  11 b e n z id in e -b a se d  dyes th u s  f a r  t e s t e d  have c o n s i s t e n t l y  been m e tab o liz ed  in  anim als  to  th e  ca rc in og en  b e n z id in e .  The a z o re d u c ta se  enzyme re s p o n s ib le  f o r  fo rm ation  of b e n z id in e  in  th e  body i s  known to  be n o n s p e c i f i c  i n  i t s  a c t io n  and i s  found in  b a c t e r i a ,  a n im a ls ,  and humans. O ccupa tiona l  exposure  to  b e n z id in e -b a se d  dyes has a ls o  r e s u l t e d  in  b e n z id in e  fo rm a t io n  in  th e  b o d ie s  of w ork e rs .  T h is  then  i n d i c a t e s  t h a t  t h e r e  i s  an ex trem ely  h igh  p r o b a b i l i t y  t h a t  th o se  y e t  u n te s te d  b en z id in e -b a se d  dyes can be m e tab o liz ed  to  b e n z id in e  a l s o .  Based on a com bination  of th e  above f a c t o r s ,  NIOSH concludes t h a t  a l l  b e n z id in e -  based  dyes ,  r e g a r d le s s  o f t h e i r  p h y s ic a l  s t a t e  o r p ro p o r t io n  in  a m ix tu re ,  should  be recog n ized  as  p o t e n t i a l  human c a rc in o g e n s .  In  a d d i t i o n ,  NIOSH recommends t h a t  th e  p ro d u c t io n ,  u s e ,  s t o r a g e ,  packag ing , and d i s t r i b u t i o n  of a l l  b en z id in e -b a se d  dyes be d is c o n t in u e d  in  l i g h t  o f  p re s e n t  ev idence  o p o t e n t i a l  c a rc in o g e n ic  r i s k s .  The rep lacem en t o f b en z id in e -b a se d  dyes w ith  l e s s  t o x i c  s u b s t i t u t e s  should  be i n i t i a t e d  im m edia te ly . As an in te r im  m easure , s t r i n g e n t  c o n t r o l s  and work p r a c t i c e s  a re  recommended to  minimize exposure to  any of th e  b en z id in e -b a se d  dyes .
25
During t h i s  i n t e r im  p e r io d ,  s in c e  th e  ca rc in o g en s  b e n z id in e ,  4-amino b ip h e n y l ,  and 2 , 4-diam inoazobenzene have been i d e n t i f i e d  as con tam inants  or breakdown p ro d u c ts  of a com m ercially  p rep a red  b e n z id in e -b a se d  dye [3 7 ] ,  p a r t i c u l a r  a t t e n t i o n  should  be  g iven  to  th e  p o s s ib l e  in c re a s e  in  c o n c e n t r a t io n  of th e s e  im p u r i t i e s  i n  th e  c leanup  o f s p i l l s  o r  l e a k s ,  waste  d i s p o s a l ,  and h o t  dyeing  p ro c e s s e s .
A number of r e p o r t s  have co n s id e red  o r r e f e r r e d  to  th e  use of s u b s t i t u t e s  to  r e p la c e  b e n z id in e -b a se d  dyes [ 2 ,5 ,2 8 ,3 2 ,4 0 ] .  S evera l  companies now m arket s u b s t i t u t e s  f o r  each com m ercially  im p or tan t  b e n z id in e -  based dye ( in c lu d in g  D ir e c t  Black 38) [4 3 ] .  A number of th e  d i r e c t  dye s u b s t i t u t e s ,  however, a r e  based  on th e  b e n z id in e  congeners  o - t o l i d i n e  and o - d i a n i s i d i n e .  NIOSH has  p re v io u s ly  concluded t h a t  t h e r e  i s  re a so n  to  b e l i e v e  t h a t  o - t o l i d i n e  w i l l  induce  b la d d e r  cancer i n  humans [7 3 ] .  A s tudy  conducted fo r  NCI has d em onstra ted  th e  c a rc in o g e n ic  a c t i v i t y  of o- d i a n i s i d i n e  in  an im als  [74] . In fo rm a t io n  a v a i l a b l e ,  however, on th e  m etabolism  and c a rc in o g e n ic  e f f e c t s  of th e  dyes c o n ta in in g  th e s e  congeners i s  ex trem ely  l im i t e d .  A lthough t h e r e  i s  as y e t  no in fo rm a t io n  on the  c a rc in o g e n ic  p o t e n t i a l  o f  o - d i a n i s i d i n e  d yes ,  l im i t e d  anim al s t u d i e s  have dem onstra ted  a c a rc in o g e n ic  e f f e c t  of two o - t o l i d i n e  dyes [7 5 ] .  In  the  absence of a d d i t i o n a l  in f o r m a t io n ,  NIOSH recommends t h a t  th e  b en z id in e  congener dyes be hand led  w ith  extreme c a re  in  th e  w orkplace and t h a t  exposure to  th e s e  dyes be m inim ized.
S u b s t i t u t i o n  of n o n ca rc in o g en ic  dyes f o r  th o se  t h a t  a re  b en z id in e -b a se d  i s  e s s e n t i a l .  However, i t  must be recog n ized  t h a t  th e  s t r u c t u r a l  req u irem en ts  f o r  a compound to  im part  c o lo r  le a d s  to  th e  use of dyes c o n ta in in g  m o ie t i e s  t h a t  tend  to  be chem ica lly  r e a c t i v e  and t o x i c .  Thus, th e  p o s s i b i l i t y  o f m e ta b o l ic  c o n v ers ion  to  even more t o x i c  compounds, as w e l l  as th e  e f f e c t s  of th e  dye i t s e l f ,  must be c o n s id e re d .  In  a d d i t i o n ,  to x ic  im p u r i t i e s  can be in t ro d u c e d  i n  m an ufac tu re .  In fo rm a t io n  on the  to x ic  e f f e c t s  of p o s s ib l e  s u b s t i t u t e s  should  be tak en  in to  account during  rep lacem ent of b e n z id in e -b a se d  d yes .  I f  such in fo rm a t io n  i s  incom ple te  o r su g g e s ts  t h a t  th e  dye m ight a l s o  have c a rc in o g e n ic  p o t e n t i a l ,  o th e r  s u b s t i t u t e s  must be u sed .
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VI. WORK. PRACTICES AND CONTROL RECOMMENDATIONS
This s e c t i o n  e v a lu a te s  th e  c o n d i t io n s  under which employee exposure to  b e n z id in e -b a se d  dyes i s  l i k e l y .  I t  a l s o  d e l i n e a t e s  th o se  o p e ra t io n s  i n  which th e  most i n t e n s e  exposures would be p r e d ic te d  i n  th e  absence of c o n t r o l s .  Emphasis i s  p laced  on work p r a c t i c e s  and c o n t r o l  recommendations to  l i m i t  e x c e s s iv e  employee exposure to  b en z id in e -b a se d  dyes i n  o p e ra t io n s  t h a t  can be p a r t i c u l a r l y  h aza rd o u s .  The employer sh o u ld ,  in  a d d i t io n ,  e v a lu a te  e x i s t i n g  programs f o r  l a b e l in g  and p o s t i n g ,  employee e d u c a t io n ,  c leanup  of s p i l l s ,  d i s p o s a l  of w as te ,  em ergenc ies ,  and g e n e ra l  p la n t  s a n i t a t i o n  to  ensu re  t h e i r  adequacy in  l i g h t  of ev idence  of c a r c in o g e n ic i ty  of th e  b e n z id in e -b a se d  d y es .  I f  p r e s e n t  programs a re  in a d e q u a te ,  new ones should  be implemented to  ensu re  a c le a n  and h e a l t h f u l  w orkplace and to  e nsu re  t h a t  employees a re  aware of th e  h aza rd s  invo lved  and of t h e i r  r o l e  i n  m a in ta in in g  a s a fe  working environm ent.
During m an u fac tu re ,  th e  dyes a re  g e n e r a l ly  p repa red  in  a c lo sed  system in  which b e n z id in e  i s  formed by th e  r e a c t i o n  of th e  s t a r t i n g  m a t e r i a l ,  hydrazobenzene, w ith  h y d ro c h lo r ic  a c id  [2 7 ] .  One dye m an ufac tu re r  hasdeveloped  a  p ro c e s s  t h a t  u se s  n i t ro b e n z e n e  as th e  s t a r t i n g  m a t e r i a l ,  thus  e l im in a t in g  th e  need f o r  employees to  h an d le  hydrazobenzene , which forms b e n z id in e  i n  th e  stomach i f  in g e s te d  [4 5 ] .  A f te r  th e  dye i s  p r e c i p i t a t e d ,  however, g e n e r a l ly  i t  i s  handled  in  open system s [2 7 ] .  The dye i s  f i l t e r e d  i n  p r e s s e s  and th e  p r e s s  cake i s  unloaded  m anua lly . The p r e s s  cake i s  then  d r i e d ,  and th e  d r i e d  dye i s  ground i n t o  a f i n e  powder. T h is  f i n e  powder i s  then  t r a n s f e r r e d  to  r ib b o n  b le n d e rs  where o th e r  dyes a re  o f t e n  admixed to  o b ta in  th e  d e s i r e d  c o lo r s .  S u lfo na ted  d e d u s t in g  o i l  i s  u s u a l l y  added a t  t h i s  p o in t  to  red uce  th e  tendency  f o r  the  dye to  produce an a e ro s o l  when poured o r mixed. S a l t  o r  sugar i s  n e a r ly  always added to  d i l u t e  th e  c o n c e n tra te d  dye [4 1 ] .  The f i n a l  p ro d u c t  i s  then  weighed and packaged fo r  m a rk e tin g .
P ro c e s se s  in  which d r ie d  dye i s  handled  have th e  g r e a t e s t  p o t e n t i a l  fo r  employee exposure  d u r in g  th e  m anufac tu re  or rep ack ag ing  of b en z id in e -b a se d  dyes; such p ro c e s s e s  should  be performed in  c lo se d  system s. Access to  such a re a s  should  be r e s t r i c t e d  to  a u th o r iz e d  employees. When such e n c lo s u re  i s  no t  p o s s ib l e ,  each o p e ra t io n  should be p rov ided  w ith  con tinuous lo c a l  exhaus t  v e n t i l a t i o n  so t h a t  a i r  movement i s  always from su rround ing  work a re a s  to  th e  o p e ra t io n  and then  through s u i t a b l e  f i l t e r s  as d e s c r ib e d  in  OSHA s a f e t y  and h e a l t h  s ta n d a rd s  (29 CFR 1910), so as to  p re v e n t  the  r e l e a s e  of any b en z id in e -b a se d  dye to  th e  work environm ent.
Handling of m o is t  p r e s s  cakes and s o lu t io n s  c o n s t i t u t e s  a l e s s e r  so u rce  of employee exposure  to  b e n z id in e -b a se d  dyes than  h an d lin g  d ry  powders, s in c e  s o lu t io n s  and m o is t  m a t e r i a l s  a re  l e s s  l i k e l y  to  be d is p e r s e d  i n to  th e  a i r  or d i s t r i b u t e d  over l a r g e  a r e a s .  N e v e r th e le s s ,  c lo sed  systems should  be used to  f u r t h e r  l i m i t  employee exposure  to  b en z id in e -b a se d  dyes .  F i l t e r  p r e s s e s  t h a t  can be emptied and decontam inated  w ith o u t  opening the  f i l t e r s  have been used f o r  p r e p a r a t io n  of b e n z id in e  s u l f a t e  [4 5 ] ,  and th e
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use  of t h i s  type  of f i l t e r  should  a ls o  be a p p l i c a b le  i n  th e  m anufac tu re  of th e  dyes .
V arious methods of e l im in a t in g  th e  d u s t  h aza rd  a s s o c ia te d  w ith  dyes have been u sed .  In  a d d i t io n  to  th e  t re a tm e n t  w ith  s u l fo n a te d  o i l s  r e f e r r e d  to  above, two o th e r  methods a re  p r e s e n t l y  employed [4 1 ] .  One method i s  to  form the  dye i n to  p e l l e t s  so t h a t  d u s t in g  i s  m in im ized. The o th e r  p rocedure  i s  to  make up th e  dyes in  u n i t i z e d  double  packages . The o u te r  package, which i s  used f o r  p r o t e c t i o n  d u r in g  sh ipm ent, c o n ta in s  an in n e r  package t h a t  d i s s o lv e s  in  w a te r .  Thus, th e  worker making up a dye b a th  would add th e  a p p r o p r ia te  number of u n i t s  of dye to  th e  b a th  w ith o u t  opening th e  in n e r  package. These p ro ced ures  may be combined f o r  added s a f e t y  (a  dye package of p e l l e t s  in  double  p a c k e t s ) .
P a s te s  r a t h e r  than  d r ie d  dyes have been used by th e  paper i n d u s t r y  fo r  some time [3 9 ,4 1 ] .  In  t h i s  c a s e ,  th e  p a s te  i s  added to  a l a r g e  c o n ta in e r  of an aqueous s o lu t io n  and t h a t  s o lu t io n  i s  m etered  to  each b a tc h  of paper as i t  i s  dyed.
B enz id ine-based  dyes a re  used in  th e  p ap e r ,  t e x t i l e ,  and l e a t h e r  f i n i s h i n g  i n d u s t r i e s .  S ince  th e  i n d u s t r i e s  a r e  d iv e r s e ,  i t  would be expec ted  t h a t  th e  c o n d i t io n s  of p o t e n t i a l  exposure  to  b en z id in e -b a se d  dyes a re  e q u a l ly  d iv e r s e .  At l e a s t  63 o c c u p a t io n a l  c a te g o r i e s  have been found to  be a s s o c ia t e d  w ith  p o t e n t i a l  exposure  to  b en z id in e -b a se d  dyes [4 4 ] .  In  the  f a c i l i t i e s  surveyed by NIOSH [2 7 ] ,  a t h r e e - s t e p  p ro ce ss  f o r  h an d lin g  th e  b en z id in e -b a se d  dyes was c h a r a c t e r i s t i c  of a l l  th r e e  i n d u s t r i e s .  F i r s t ,  a dye w eigher d isp ensed  th e  m a t e r i a l  i n t o  a v e s s e l .  In  some cases  the  w eigher a l s o  d is s o lv e d  th e  d ry  d y e s t u f f s .  N ex t,  th e  m a t e r i a l  to  be dyed and th e  d i s s o lv e d  dye were p laced  in  a dyeing  v a t .  F i n a l l y ,  th e  dyed m a t e r i a l  was d r ie d  and f i n i s h e d .  The d eg ree  of worker exposure  in  a re a s  where p ap e r ,  t e x t i l e s ,  or l e a t h e r  a re  being  dyed would be expec ted  to  v a ry  w ide ly  depending on c o n d i t io n s  such as th e  tem p e ra tu re  of th e  dye s o lu t i o n ,  th e  amount of manual h an d lin g  of th e  dyed m a t e r i a l ,  and th e  d es ig n  of th e  dye v a t s .  Employees who h and le  p ap e r ,  t e x t i l e s ,  o r  l e a t h e r  a f t e r  i t  i s  dyed could a ls o  be exposed to  b en z id in e -b a se d  dyes s in c e  excess  dye r e t a i n e d  on th e  f i n i s h e d  m a t e r i a l  would be a v a i l a b l e  f o r  r e l e a s e  as d r i e d  powder.
During u se  of b en z id in e -b a se d  d y es ,  th e  g r e a t e s t  p o t e n t i a l  f o r  exposure would be expec ted  to  be among dye-w eighers  who h an d le  d ry  powders [27 ] .  T h e ir  o p e ra t io n s  should be c a r r i e d  ou t in  a hood des igned  and m a in ta in ed  so as to  draw a i r  inward a t  an average  l i n e a r  f a c e  v e l o c i t y  of 150 f e e t  p e r  m inute  (0 .76  m/s) w ith  a minimum of 125 f e e t  p e r  m inu te  (0 .6 4  m /s ) .  P a r t i c u l a r  a t t e n t i o n  should  be paid  to  th e  d e s ig n  of such hoods to  ensure  t h a t  th e  employee can t r a n s f e r  th e  m a t e r i a l  from i t s  o r i g i n a l  c o n ta in e r  to  the  w eighing s c a l e  w ith o u t  t a k in g  any dye o u t s id e  th e  e n c lo s u re  or i n s e r t i n g  any p a r t  of th e  body o th e r  than  hands and arms i n s i d e  th e  hood. C o n ta in e rs  of b en z id in e -b a se d  dyes should  be opened only  d u r in g  th e  w eighing o p e ra t io n .  Once opened, they  should  rem ain  w i th in  th e  hood u n t i l  d i s p o s a l  or u n t i l  a l l  th e  c o n te n ts  have been u se d .  The u se  of p a s te s  or l i q u i d s  r a t h e r  than  d r ie d  dyes should  be co n s id e red  as  a c o n t r o l  m easure.
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The dye w eigher should  p re p a re  th e  dye s o lu t io n s  to  be p laced  in  th e  v a t s .  T h is  p rocedure  would e l im in a te  th e  need to  t r a n s f e r  th e  more hazardous drym a te r ia l  from one s t a t i o n  to  a n o th e r .  The dye w eighing  a re a  should  ber e g u l a te d ,  and ac ce ss  should  be l im i t e d  to  a u th o r iz e d  employees who a rew earing  adequa te  p e r s o n a l  p r o t e c t i v e  equipment adequa te  to  p re v e n t  s k in  c o n ta c t  w ith  o r i n h a l a t i o n  of th e  d y es .  I f  w orkers must hand le  the  m a te r i a l  i n  th e  v a t s  m anua lly ,  o r  i f  ad ju s tm en ts  to  m achinery  a r e  n ec e s sa ry  w h i le  b en z id in e -b a se d  dye i s  p r e s e n t ,  th e  worker must wear im pervious c lo th in g  and r e s p i r a t o r y  p r o t e c t i o n  to  p re v e n t  exposure  to  th e  dyes.
T e x t i l e s  a re  dyed a t  v a r io u s  s t a g e s  i n  t h e i r  m an u fac tu re ,  in c lu d in g  unspun f i b e r s ,  unwoven y a rn ,  and f i n i s h e d  f a b r i c .  Workers who p re p a re  f a b r i c s  from unspun f i b e r s  a r e  of p a r t i c u l a r  con ce rn ,  s in c e  they  could be p o t e n t i a l l y  exposed to  b e n z id in e -b a se d  dyes c o n ta in ed  on d u s ts  g en e ra ted  d u r ing  m an ufac tu re .  In  a d d i t i o n ,  some b e n z id in e -b a se d  dyes p o sse s s  much p o o re r  f a s t n e s s  to  wet t r e a tm e n t  th an  do o th e r s ;  p e rso ns  who lau n d e r  such c lo th in g  a re  p o t e n t i a l l y  exposed to  th e  d y e s . Employees and employers should  be aware t h a t  th o se  who la u n d e r ,  weave, o r  sew f a b r i c s  dyed w ithb e n z id in e -b a se d  dyes a r e  p o t e n t i a l l y  exposed to  th e  dyes .  I f  exposure  i s  c o n s id e red  l i k e l y ,  th e  employer shou ld  i n s t i t u t e  s t r i n g e n t  c o n t r o l  m easures and work p r a c t i c e s  to  p re v e n t  such exposure .
S ev e ra l  g e n e r a l ly  a c c e p ta b le  p r a c t i c e s  f o r  th e  c o n t r o l  of hazardous m a t e r i a l s  a re  recommended w herever t h e r e  i s  p o t e n t i a l  fo r  exposure  [4 5 ,7 6 ] .  For example, p r e s s u r e  f a i l u r e  a la rm s f o r  c lo se d  system s and exhaust v e n t i l a t i o n  can r a p id ly  i n d i c a t e  a system  f a i l u r e  t h a t  might r e s u l t  in  th e  r e l e a s e  of s u b s t a n t i a l  q u a n t i t i e s  of b e n z id in e -b a se d  d yes .  Continuous flow i n d i c a t o r s ,  such as w a te r  o r o i l  manometers p ro p e r ly  mounted a t  th e  j u n c tu r e  of a fume hood and duc t  t h r o a t  and marked to  i n d i c a t e  a c c e p ta b le  a i r f l o w ,  w i l l  g iv e  a r e a d i l y  o b se rv a b le  i n d i c a t i o n  of dec rea sed  e f f i c i e n c y  in  th e  v e n t i l a t i o n  system  f o r  th e  hood. Wet m ethods, vacuum c le a n in g ,  or o th e r  methods t h a t  do n o t  l e a d  to  r e d i s p e r s i o n  of s e t t l e d  d u s t  should  be used f o r  p l a n t  m ain tenance  and s a n i t a t i o n .  Dry sweeping o r blowing w ith  compressed a i r  should  be p r o h ib i t e d .  In  th e  c leanup  of le a k s  o r s p i l l s  and i n  m aintenance o r  r e p a i r  o p e ra t io n s  on con tam inated  system s or equipm ent, employees should  wear c le a n  im pervious garm ents ,  in c lu d in g  a t  l e a s t  g lo v e s ,  b o o t s ,  and an a i r - s u p p l i e d  r e s p i r a t o r  w ith  p o s i t i v e  p re s s u re  in  th e  f a c e p ie c e .




At t h i s  t im e , NIOSH i s  unaware of a p r a c t i c a l  method f o r  i d e n t i f y in g  each s p e c i f i c  b e n z id in e -b a se d  dye w orkers may be exposed t o .  I t  should  be p o s s ib l e  to  i d e n t i f y  c l a s s e s  of azo dyes such as th e  b e n z id in e -b a se d  dyes by th e  u se  of h ig h  perform ance l i q u id  chrom atography or gas chromatography a f t e r  r e d u c t io n  of th e  azo l in k a g e .  A d d i t io n a l  r e s e a r c h  i s  g e n e ra l ly  needed i n  t h i s  a r e a .
Although methods to  measure th e  c o n c e n t r a t io n  of an in d iv id u a l  b en z id in e -b a se d  dye in  a i r  a re  n o t  a v a i l a b l e ,  a s c re e n in g  method fo r  d iazonium  s a l t s  and azo dyes in  a i r  has  been developed by NIOSH [71] and i s  d e s c r ib e d  i n  Appendix 1(A). The range  of th e  method i s  l i s t e d  as 0 .0 1 -0 .4  mg/cu m i n  a  500 -l i t e r  sample of a i r .  I f  only one b en z id in e -b a se d  dye i sp r e s e n t  and o th e r  p o s i t i v e  i n t e r f e r e n c e s  a re  a b s e n t ,  a q u a n t i t a t i v ee s t im a te  of t h e  c o n c e n t r a t io n  of th e  dye p r e s e n t  i n  th e  a i r  can be  made.I f  more than  one azo dye o f any type  i s  p r e s e n t ,  th e  method i s  n o tq u a n t i t a t i v e  and th e  c o n c e n t r a t io n  of t o t a l  azo dye p r e s e n t  must be  g iven  as  a ra n g e .  However, th e  method can i n d i c a t e  th e  adequacy of work p r a c t i c e s  and e n g in e e r in g  c o n t r o l s  employed to  m inim ize th e  c o n c e n t r a t io n  of a i r b o rn e  b en z id in e -b a se d  dyes d u r in g  th e  p e r io d  r e q u i r e d  to  phase  in  s u b s t i t u t e  d y e s .
U rin a ry  L evels
Aromatic d iam in es ,  such as b e n z id in e ,  a re  n o t  n orm ally  found i n  the  body. However, b e n z id in e ,  a m e ta b o l ic  p ro d u c t  of b en z id in e -b a se d  d yes ,  has appeared in  th e  u r i n e  of employees exposed to  th e  dyes b u t  n o t  to  b e n z id in e .  T h is  d em o n s tra te s  sy s tem ic  a b s o r p t io n  of th e  dye or a p o r t i o n  t h e r e o f .  C u r re n t ly ,  th e  measurement of u r i n a r y  b e n z id in e  i s  used more as a d ia g n o s t i c  p r a c t i c e  than  f o r  u se  i n  com pliance. The p re se n c e  of b e n z id in e  i n  th e  u r i n e  of a worker p o t e n t i a l l y  exposed to  a b en z id in e -b a se d  dye would v e r i f y  t h a t  such exposure  had , in  f a c t ,  o c c u r re d ,  b u t  i t s  absence cannot be co n s id e red  v e r i f i c a t i o n  t h a t  no exposure has o cc u rre d .
The method recommended in  Appendix 1(B) can d e t e c t  th e  p re sen ce  of a ro m a tic  amines a t  100 ng/100 ml of u r i n e ,  a l th ou g h  reco v e ry  e f f i c i e n c y  a t  th e  l i m i t  of d e t e c t i o n  i s  poo r.  I f  a ro m atic  amines a re  found in  th e  u r i n e ,  t h i n - l a y e r  chromatography (TLC) can be used to  confirm  (though n o t r i g o r o u s ly  prove) th e  p resence  of b e n z id in e .  The t o t a l  volume of the  sample must be no l e s s  than  100 ml; th e  minimum d e t e c t i o n  l i m i t  in  such a volume i s  300 ng. An Rf v a lu e  i d e n t i c a l  to  t h a t  of b e n z id in e  c o n s t i t u t e s  t h i s  c o n f i rm a t io n .  I f  b en z id in e  i s  d e te c te d  by u r i n a l y s i s ,  i t  would d em onstra te  t h a t  employee exposure to  b e n z id in e  or b e n z id in e -b a se d  dyes has o ccu rred  and would su g g e s t  inad eq u ac ie s  i n  e i t h e r  e n g in e e r in g  c o n t r o ls  or work p r a c t i c e s .  Thus, u r i n a l y s i s  i n  a d d i t i o n  to  env iro nm en ta l  m o n ito ring
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i s  n e c e s s a ry  to  a s s u re  th e  employer t h a t  exposure  of employees to  b e n z id in e -b a se d  dyes has been m inim ized.
S p e c i f i c  methods f o r  th e  d e t e c t i o n  of b e n z id in e  in  human [59 ,77] and ham ster [37] u r i n e  and i n  i n d u s t r i a l  e f f l u e n t s  [78] have been developed . Two [37 ,59] a r e  based on e l e c t r o n - c a p tu r e  gas chrom atography, one i s  based on h ig h  perform ance l i q u i d  chromatography [7 8 ] ,  and one i s  a s p e c t r o p h o to f lu o r im e t r i c  tech n iq u e  [7 7 ] .  U nlike  th e  f lu o re sc a m in e  method [73] or th e  method g iv en  in  Appendix 1 (B ), they  can measure b e n z id in e  in  th e  p re sen ce  of o th e r  a ro m atic  am ines . While a l l  th e s e  methods should  be r e a d i l y  a d a p ta b le  to  d e t e c t i o n  of b e n z id in e  in  an em ployee 's  u r i n e ,  they  in v o lv e  c o n s id e ra b ly  more e la b o r a t e  i n s t r u m e n ta t io n  and a n a l y t i c a l  te c h n iq u e s  than  th e  r o u t i n e  s c re e n in g  method d e s c r ib e d  i n  Appendix 1(B).S e v e ra l  p o in ts  need f u r t h e r  c l a r i f i c a t i o n  b e fo re  th e  amount of b e n z id in e  inth e  u r i n e  can be c o r r e l a t e d  p r e c i s e l y  w ith  th e  c o n c e n t r a t io n  of b e n z id in e -  based  dyes in  th e  a i r .  For example, th e  optimum c o n d i t io n s  f o r  sample c o l l e c t i o n  a r e  n o t  known. The NCTR stud y  [37] recommended a lk a l i n eh y d ro ly s i s  of th e  u r i n e  to  measure b o th  f r e e  and con ju g a ted  b e n z id in e .S ince  u r i n a l y s i s  i s  p r e s e n t l y  u s e f u l  as a q u a l i t a t i v e  index of exposure o n ly ,  th e  l e s s  e l a b o r a t e  sc re e n in g  method c o n s t i t u t e s  the  b e s t  approach a t  t h i s  t im e.
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APPENDIX I - ANALYSIS
(A) METHOD FOR MONITORING DIAZONIUM SALTS AND AZO DYES IN AIR
A sc re e n in g  method f o r  a n a ly s i s  of b en z id in e -b a se d  dyes found i n  the  w orkp lace  has been developed  by NIOSH [71] and i s  p re se n te d  below. A n e g a t iv e  su rvey  u s in g  t h i s  methodology i s  c o n s id e red  adequa te  to  e s t a b l i s h  t h a t  workers a r e  n o t  s i g n i f i c a n t l y  exposed to  th e  b en z id in e -b a se d  dyes .
A n a ly te : Diazonium S a l t s  Method No. : P&CAM 234and Azo Dyes
M atr ix  : A ir Range : 0 .01 to  0 .4  mg/cu m i n  a5 0 0 - l i t e r  sample of a i r
P ro c e d u re : F i l t e r  c o l l e c t i o n ;  P r e c i s i o n  (CV): 0 .12UV-VIS sp ec tro p ho to m e try  ( a n a l y t i c a l )
Date Issued  : 6 /3 0 /7 6  C l a s s i f i c a t i o n  : D (O pera tio na l)
P r i n c i p l e  of th e  Method
D u p l ic a te  samples of a i r b o r n e  p a r t i c u l a t e  m a t e r i a l  a re  c o l l e c t e d  on c e l l u l o s e  a c e t a t e  membrane f i l t e r s .  One f i l t e r  i s  e x t r a c t e d  w ith  d i l u t e  h y d ro c h lo r ic  a c id  and ana lyzed  f o r  d iazonium s a l t s  s p e c t r o p h o to m e t r i c a l ly  a t  375 nm. The second f i l t e r  i s  e x t r a c t e d  w ith  an a p p r o p r i a t e  s o lv e n t  and a s p e c t ro p h o to m e tr ic  scan  of th e  s o l u t i o n  i s  made i n  th e  400- to  700-nm ran g e .  The absorbance  maxima a re  compared w ith  th e  absorbance  maxima of s ta n d a rd  s o lu t io n s  p repa red  from b u lk  samples of th e  azo dyes .
Range and S e n s i t i v i t y
(a) Diazonium s a l t s  and azo dyes fo l lo w  a B e e r 's  law r e l a t i o n s h i p  i nth e  range of 5-200 (ig i n  40 ml of s o lv e n t ,  th e  volume used toe x t r a c t  th e  f i l t e r s .  This co rresp onds  to  0 .0 1 -0 .4  mg/cu m i n  a 5 0 0 - l i t e r  a i r  sample.
(b) D i lu t io n  of th e  sample s o lu t io n  w i th  th e  a p p r o p r i a t e  s o lv e n t  may be used to  extend  the  upper l i m i t  of th e  ran g e .
(c) The lower l i m i t  of th e  range  can be extended by d e c re a s in g  thevolume of th e  e x t r a c t in g  s o lv e n t  or by u s in g  an a b s o r p t io n  c e l l  of lo n g e r  l e n g th .
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(d) The s e n s i t i v i t y  i s  d e te r m in e d  b y th e  a b s o r p t i v i t i e s  o f  th e  
i n d i v i d u a l  s a l t s  and d y e s .
I n t e r f e r e n c e s
Any compound t h a t  a b s o r b s  r a d i a t i o n  a t  th e  w a v e l e n g t h s  c o r r e s p o n d i n g  to  
th e  a b s o r b a n c e  maxima o f  th e  d ia z o n iu m  s a l t s  and azo  d y e s  i s  a  p o s i t i v e  
i n t e r f e r e n c e .
P r e c i s i o n  and A c c u r a c y
( a )  An a v e r g e  c o e f f i c i e n t  o f  v a r i a t i o n  o f  0 . 1 2  h a s  b e e n  e s t a b l i s h e d  
f o r  th e  a n a l y t i c a l  p r o c e d u r e  o v e r  th e  c o n c e n t r a t i o n  r a n g e  o f  th e  
m e th o d .
(b )  The r e c o v e r y  o f  s a l t s  and d y e s  from  f i l t e r s  w i t h  th e  a p p r o p r i a t e  
s o l v e n t  y i e l d e d  an e f f i c i e n c y  o f  95+5%  i n  th e  r a n g e  o f  5 - 2 0 0  /xg/40 
ml o f s o l v e n t .
( c )  The a c c u r a c y  o f  th e  o v e r a l l  s a m p lin g  and a n a l y t i c a l  method h a s  n o t  
been d e t e r m i n e d .
A d v a n t a g e s  and D i s a d v a n t a g e s
( a )  The s a m p lin g  p r o c e d u r e  i s  r a p i d ,  s i m p l e ,  and i n v o l v e s  no l i q u i d s .
(b) The p r o c e d u r e  can  be u sed to  d i s t i n g u i s h  b e tw e e n  d ia zo n iu m  s a l t s  
and azo  d y e s  b u t  n o t  b e tw e e n  two s a l t s  o r  two d y e s  a b s o r b i n g  a t  
t h e  same w a v e l e n g t h .
( c )  S i n c e  d ia z o n iu m  s a l t s  e x h i b i t  maximum a b s o r p t i o n  a t  a p p r o x i m a t e l y  
3 7 5  nm, th e  method ca n n o t be u se d  f o r  q u a l i t a t i v e  i d e n t i f i c a t i o n  
o f  i n d i v i d u a l  s a l t s .  Thus th e  t o t a l  d ia z o n iu m  s a l t  c o n c e n t r a t i o n  
must b e r e p o r t e d  i f  more th an  one s a l t  i s  b e i n g  p r o c e s s e d  i n  th e  
t e s t i n g  a r e a  on th e  d a y  o f  s a m p l i n g .  S i n c e  e a c h  s a l t  h a s  a 
c h a r a c t e r i s t i c  a b s o r p t i v i t y ,  th e  c o n c e n t r a t i o n  o f  t o t a l  d iazo n iu m  
s a l t s  must be g i v e n  a s  a r a n g e .  The s a l t  h a v i n g  th e  h i g h e s t  
a b s o r p t i v i t y  d e t e r m i n e s  th e  u p pe r l i m i t  o f  th e  r a n g e  and t h e  s a l t  
h a v in g  th e  l o w e s t  a b s o r p t i v i t y  d e t e r m i n e s  th e  lo w e r  l i m i t .
(d) Diazonium  s a l t s  d e t e r i o r a t e  i n  th e  p r e s e n c e  o f l i g h t  and m o i s t u r e .  
C a re  must be ta k e n  to  s t o r e  them i n  a  d r y  e n v iro n m e n t and to  
m in im iz e  e x p o s u r e  to  l i g h t .
( e )  B u lk  sa m p le s  o f  a l l  o f  th e  d ia z o n iu m  s a l t s  p r o c e s s e d  i n  th e  
t e s t i n g  a r e a  on th e  day o f  s a m p lin g  m ust b e  c o l l e c t e d  and a  
c a l i b r a t i o n  c u r v e  must be e s t a b l i s h e d  f o r  e a c h .
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( f )  The s o l u b i l i t i e s  o f  th e  v a r i o u s  c l a s s e s  o f  azo  d y e s  d i f f e r  w i d e l y .  
T h e r e f o r e ,  an a p p r o p r i a t e  s o l v e n t  f o r  e a c h  azo  dye m ust be  
d e t e r m i n e d .  Azo d y e s  t h a t  c o n t a i n  one or more s u l f o n i c  o r  
c a r b o x y l i c  a c i d  g r o u p s  a r e  u s u a l l y  s o l u b l e  i n  d i l u t e  a c i d .  Azo  
d y e s  w i t h  s u l f o n a t e d  n a p h t h o l  g ro u p s  a r e  u s u a l l y  s o l u b l e  in  w a t e r  
o r  d i l u t e  b a s e .  Azo d y e s  w i t h  no s o l u b i l i z i n g  g r o u p s  a r e  u s u a l l y  
i n s o l u b l e  i n  w a t e r  b u t  a r e  s o l u b l e  i n  p o l a r  or n o n p o la r  o r g a n i c  
s o l v e n t s .
( g )  A b s o r p t i o n  c u r v e s  m ust be e s t a b l i s h e d  f o r  a l l  azo  d y e s  p r o c e s s e d
i n  t h e  p l a n t  on th e  d a y  o f s a m p lin g .  Azo d y e s  e x h i b i t  maxima i n
th e  4 0 0 -  to  700-nm r a n g e ,  th e  e x a c t  w a v e l e n g t h  b e i n g  d e p en d e n t on
th e  s t r u c t u r e  o f  th e  d ye  m o l e c u l e .
(h) I f  more th a n  one azo  d ye  i s  b e i n g  p r o c e s s e d  on the d a y  o f  sa m p lin g  
and t h o s e  d y e s  a b s o r b  a t  a common w a v e l e n g t h ,  th e  t o t a l  azo  d ye  
c o n c e n t r a t i o n  m ust be r e p o r t e d .  The c o n c e n t r a t i o n  o f  t o t a l  azo  
d y e  m ust b e g i v e n  a s  a r a n g e  w i t h  th e  d y e  e x h i b i t i n g  th e  h i g h e s t  
a b s o r p t i v i t y  d e t e r m i n i n g  th e  u p p e r  l i m i t  and th e d y e  e x h i b i t i n g  
th e  l o w e s t  a b s o r p t i v i t y  d e t e r m i n i n g  th e  lo w e r  l i m i t  a t  a s p e c i f i c  
w a v e l e n g t h .
A p p a r a t u s
( a )  A i r  S a m p lin g  Equipm ent
( 1 )  C e l l u l o s e  e s t e r  membrane f i l t e r s ,  0.8-/im  p o re  s i z e ,  37-mm 
d i a m e t e r ,  M i l l i p o r e  T ype AA, o r  e q u i v a l e n t .
( 2 )  F i l t e r  h o l d e r  f o r  37-mm f i l t e r s ,  M i l l i p o r e  MAWP 0 3 7  AO, or 
e q u i v a l e n t .
( 3 )  P e r s o n a l  s a m p lin g  pump, c a l i b r a t e d  w i t h  a r e p r e s e n t a t i v e  
f i l t e r  u n i t  i n  t h e  l i n e .  A w e t  o r  d r y  t e s t  m e te r  or a g l a s s
r o t a m e t e r  c a p a b l e  o f  m e a s u r in g  a f l o w r a t e  o f  2 l i t e r s / m i n  to
w i t h i n  5% may b e  u sed i n  th e  c a l i b r a t i o n ,
(b )  Beckman Model 2 5  S c a n n in g  S p e c t r o p h o t o m e t e r  or e q u i v a l e n t .
( c )  M atched f u s e d  s i l i c a  c e l l s ,  1 ,  5 ,  and 10  cm.
(d) B a l a n c e  c a p a b l e  o f  w e i g h i n g  a c c u r a t e l y  to  1 mg.
( e )  P i p e t s ,  v a r i o u s  s i z e s .
( f )  B e a k e r s ,  1 0 0  m l.
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R e a g e n t s
( a )  H y d r o c h l o r i c  a c i d ,  0.1 N(pH = 0.9).
(b) Bulk samples of a l l  d iazonium s a l t s  and azo dyes p ro cessed  in  thet e s t i n g  a re a  on th e  day of sam pling.
(c) A p p ro p r ia te  s o lv e n t s  f o r  d i s s o lv in g  th e  azo dyes .
(1) T o luene , ACS re a g e n t  g rade .
(2) D i s t i l l e d  w a t e r .
(3) pH 5 b u f f e r  s o lu t io n .  P re p a re  by adding po tass ium  hydrogenp h t h a l a t e  to  d i s t i l l e d  w ate r  and a d ju s t in g  th e  pH to  5 .0+0 .2w ith  a c a l i b r a t e d  pH m e te r .
(4) pH 9 b u f f e r  s o lu t io n .  P re p a re  as above w i th  ammonium a c e t a t e ,  a d ju s t in g  th e  pH to  9 .0 + 0 .2 .
P rocedure
(a) C leaning  of equipm ent. Wash a l l  g la ssw are  i n  h o t  d e te rg e n ts o lu t i o n  and r i n s e  w e l l  w ith  h o t  tap  w a t e r , then  r i n s e  s e v e r a lt im es w ith  doub le  d i s t i l l e d  w a te r .
(b) C o l l e c t io n  and Shipping  of Samples
(1) P la c e  a c le a n  f i l t e r  and backup pads i n t o  th e  c a s s e t t e  f i l t e r  h o l d e r .
(2) Connect th e  c a s s e t t e  to  th e  vacuum pump. No tu b in g  should  be p laced  in  f r o n t  of the  f i l t e r .
(3) Turn on th e  pump to  b eg in  sample c o l l e c t i o n .  Measure the  f lo w ra te  and t im e, o r volume, as a c c u r a t e ly  as p o s s ib l e .  Sample 500 l i t e r s  or more a t  1 .5 -2  l i t e r s / m i n .
(4) Take d u p l i c a t e  samples a t  each sam pling s i t e .  One i s  f o r  th e  diazonium s a l t  a n a l y s i s ;  th e  o th e r  f o r  th e  azo dye a n a l y s i s .  P r o t e c t  th e  f i l t e r s  from l i g h t  to  p re v e n t  pho todecom position  of th e  diazonium  s a l t s .
(5) Ship th e  f i l t e r s  in  a s u i t a b l e  c o n ta in e r  des igned  by NI0SH to  m inim ize con tam in a tio n  and to  p re v e n t  damage in  t r a n s i t .  In c lu d e  two o r more b lan k  f i l t e r s ,  which a r e  hand led  in  the  same manner as the  sample f i l t e r s  excep t t h a t  no a i r  i s  sampled through  them.
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(c) A n a ly s is  of Samples
(1) Diazonium S a l t s
E x t r a c t  one of th e  d u p l i c a t e  sample f i l t e r s  from each  s i t e  w ith  40 ml of 0 .1  N HCl in  a 100-ml b eak e r .  A g i ta te  the  m ix tu re  in  an u l t r a s o n i c  b a t h  f o r  5 m in u te s .  Allow the  f i l t e r  and any suspended s o l i d s  to  s e t t l e .  E x t r a c t  a b lank  f i l t e r  i n  th e  same manner. Perform  th e  e x t r a c t i o n s  w ith  minimum exposure  to  l i g h t .  T ra n s fe r  a p o r t io n  of each s o lu t i o n  to  a 1 - ,  5 - ,  o r  10-cm fu sed  s i l i c a  c e l l ,  depending on the  a n t i c i p a t e d  diazonium s a l t  c o n c e n t r a t io n .  Determine th e  absorbance of the  b lan k  and th e  sample of 375 nm. Use0.1 N HCl as th e  r e f e r e n c e  s o lu t io n .
(2) Azo Dyes
S e le c t  an a p p ro p r ia te  s o lv e n t  by e x p e r im e n ta t io n  w ith  the  bu lk  sam ples . (See Advantages and D isa d v a n ta g e s , s e c t i o n  ( f ) . )  E x t r a c t  one of the  d u p l i c a t e  sample f i l t e r s  and a b lank  f i l t e r  w ith  th e  s o lv e n t  u s in g  th e  e x t r a c t i o n  p rocedure  o u t l in e d  in  s e c t i o n  (1) on Diazonium S a l t s .  T ra n fe r  a p o r t io n  of each s o lu t io n  to  a 1 - ,  5 - ,  o r  10-cm fu sed  s i l i c a  c e l l ,  depending on the  a n t i c i p a t e d  c o n c e n t r a t io n .  Using th e  s o lv e n t  as a r e f e r e n c e ,  scan  th e  400- to  700-nm range to  l o c a t e  th e  absorbance  maxima. Measure the  absorbance  a t  each w avelength  where the  b u lk  azo dyes a b so rb .  (See C a l i b r a t i o n  and S tandards  (b) Azo Dyes.)
C a l ib r a t io n  and S tandards
(a) Diazonium S a l t s
(1) P re p a re  a s e t  of f i v e  s ta n d a rd s  f o r  each diazonium  s a l t  t h a t  may be p r e s e n t  in  th e  sam ple. Each s e t  should  c o n s i s t  ofs ta n d a rd s  c o n ta in in g  5, 25, 50, 100 and 200 ¿¿g o f onediazonium s a l t  in  40 ml of 0.1  N HCl.
(2) T ra n s fe r  a p o r t i o n  of each s o lu t io n  to  a 1 - ,  5 - ,  or 10-cmfused  s i l i c a  c e l l .
(3) Using th e  0.1  N HCl s o lu t i o n  as th e  r e f e r e n c e  s o lu t io n ,d e te rm in e  th e  absorbance of each s ta n d a rd  a t  375 nm.
(4) C o n s tru c t  a s ta n d a rd  curve  f o r  each diazonium  s a l t  byp l o t t i n g  th e  absorbance a g a in s t  th e  amount ( i n  micrograms) of th e  i n d iv id u a l  diazonium s a l t  i n  th e  co rre spon d in g  s t a n d a rd .
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(b) Azo Dyes
(1) P re p a re  a s e t  of s ta n d a rd s  fo r  each azo dye as i n  S e c t io n  (a)(1) u s in g  th e  a p p r o p r ia te  s o lv e n t .
(2) T ra n fe r  each s o lu t io n  to  a 1 - ,  5 - ,  or 10-cm fu sed  s i l i c a  c e l l .
(3) Scan th e  spectrum  of one s ta n d a rd  s o lu t io n  f o r  each d i f f e r e n t  dye to  d e te rm in e  th e  w avelength  of maximum a b s o r p t io n .  Use th e  s o lv e n t  as th e  r e f e r e n c e  s o lu t io n .
(4) Determine th e  absorbance  of each s ta n d a rd  a t  th e  w avelength  of i t s  maximum.
(5) C o n s tru c t  a s ta n d a rd  curve f o r  each azo dye by p l o t t i n g  the  absorbance a g a in s t  th e  amount ( i n  micrograms) of the  in d i v id u a l  azo dye in  th e  co rre spond ing  s ta n d a rd .
C a lc u la t io n s
(a) Diazonium S a l t s
(1) I f  only  one diazonium  s a l t  i s  p r e s e n t  i n  th e  sam ple, readfrom th e  a p p ro p r i a t e  c a l i b r a t i o n  curve  the  amount ( i nmicrograms) co rre sp on d in g  to  the  absorbance  of th e  sample.
(2) I f  more th an  one diazonium s a l t  i s  p r e s e n t ,  the  r e s u l t s  mustbe g iv en  as a ran g e .  (See Adv a n tag e s  and D isadvan tages( f ) . )  From th e  c a l i b r a t i o n  curve  f o r  each diazonium  s a l t ,  read  th e  amount ( i n  micrograms) co rre sp on d in g  to  theabsorbance of th e  sample. The upper l i m i t  of th e  ran ge  i s  taken  from th e  curve  y ie ld in g  th e  l a r g e s t  v a lu e .  The lower l i m i t  of th e  range  i s  taken  from th e  curve  y ie l d i n g  th e  low est v a lu e .
(b) Azo Dyes
(1) I f  only  one azo dye i s  p r e s e n t  i n  th e  sam ple, re ad  from th ea p p r o p r i a t e  c a l i b r a t i o n  curve th e  amount ( i n  micrograms) co rre sp o n d in g  to  th e  absorbance  of th e  sample a t  the  w avelength  of maximum a b s o rp t io n .
(2) I f  more than  one azo dye i s  p r e s e n t ,  th e  r e s u l t s  must beg iv en  as a ra n g e .  (See Adv a n tag e s  and D isadvan tages  ( h ) . )  From th e  c a l i b r a t i o n  curve f o r  each azo dye abso rb in g  a t  thesame w avelength  as th e  sam ple, read  th e  amount ( inmicrograms) of azo dye co rrespond ing  to  th e  absorbance  of th e  sample. The upper l i m i t  of the  range  i s  tak en  from th e  curve
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y ie ld in g  th e  l a r g e s t  v a lu e .  The lower l i m i t  of th e  range  i s  taken  from th e  curve y ie ld in g  th e  low est v a lu e .
(c) C o rre c t  th e  c a lc u la t e d  amount or range  of amounts of th e  a p p r o p r i a t e  diazonium  s a l t ( . s )  or azo d ye (s )  f o r  any co rre spond ing  v a lu e  found by th e  a n a ly s i s  of b lan k  f i l t e r s .
(d) The c o n c e n t r a t io n  or range of c o n c e n t r a t io n s  of diazonium s a l t s  and azo dyes may be exp ressed  in  mg/cu m:
mg/cu m = Amount ( (ug )g )Vs ( i n  l i t e r s )
where: Vs = volume ( l i t e r s )  of a i r  sampled.
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APPENDIX I - ANALYSIS (CONTINUED)
(B) METHOD FOR MONITORING FOR BENZIDINE IN URINE
NIOSH has review ed th e  v a r io u s  methods o f b i o l o g i c a l  m o n ito r ing  fo r  b en z id in e  and r e l a t e d  ch em ica ls .  There a r e  two a c c e p ta b le  methods: th erecommended method t h a t  fo l lo w s  [79] and th e  f lu o rescam in e  method g iven  in  th e  o - t o l i d i n e  c r i t e r i a  document [7 3 ] .  The recommended method p re se n te d  h e re  i s  l e s s  expens iv e  and more s e n s i t i v e  than  th e  f lu o rescam in e  method; however, i t  r e q u i r e s  a lo n g e r  working t im e .  N e i th e r  method i s  s p e c i f i c  fo r  b e n z id in e .
Any o th e r  method of a t  l e a s t  eq u a l  s e n s i t i v i t y  and p r e c i s i o n  may be s u b s t i t u t e d  f o r  th e  recommended method [3 7 ,5 9 ,7 8 ] .
Aromatic Amines in  U rine  BENZIDINE IN URINE (SCREENING TEST)
A n a ly te :
M atr ix :
Aromatic Amines (as B enzid ine)
U rine
P rocedure : CHC13 e x t r a c t i o n  HC1 r e e x t r a c t i o n  Spec tropho tom etry  (B enzid ine  confirm a­t io n  by t h i n - l a y e r  chromatography)
R a n g e : 100-20,000 ng / 100 ml u r in e
P r e c i s i o n : Notdeterm ined
C l a s s i f i c a t i o n : D (opera­t i o n a l )
Date Is su ed : 8 /3 /79
P r in c i p l e  of th e  Method
Aromatic amines, in c lu d in g  b e n z id in e ,  a r e  e x t r a c t e d  from u r in e  w ith  ch lo ro fo rm  a f t e r  pH a d ju s tm e n t .  The ch lo ro fo rm  e x t r a c t  i s  back e x t r a c t e d  in to  0 .1  N HC1 and d e r i v a t i z e d  w ith  2 , 4 ,6 - t r i n i t r o b e n z e n e  s u l f o n ic  a c id  (TNBS). The TNBS d e r iv a t i v e s  a r e  e x t r a c t e d  w ith  ch lo roform  to  remove i n t e r f e r i n g  chromophores and th e  f i n a l  ch lo ro fo rm  e x t r a c t  q u a n t i t a t e d  s p e c t ro p h o to m e t r i c a l ly  a t  400 nm w h ile  u s in g  b e n z id in e  as  a s ta n d a rd .  The r e s u l t i n g  ch lo ro fo rm  e x t r a c t  i s  c o n c e n t ra te d  to  d r o p le t  volume fo r  b en z id in e  i d e n t i f i c a t i o n  by t h i n - l a y e r  chrom atography (TLC). A t t e n t io n  i s  c a l l e d  to  th e  poor s t a b i l i t y  of th e  ch lo ro fo rm  s o lu t io n  of th e  TNBS d e r iv a t i v e  of b e n z id in e .  Q u a n t i t a t io n  of t h i s  d e r i v a t i v e  by c o lo r im e try  should  be performed w i th in  30-45 m inutes a f t e r  p r e p a r a t io n  of th e  f i n a l  ch lo ro fo rm  s o lu t io n .
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(a) The d e t e c t i o n  l i m i t  o f  t h i s  s p e c t ro p h o to m e tr ic  p ro cedure  i s  100 ngof b en z id in e  (a ro m atic  amine) p e r  100 ml of u r i n e .  The d e t e c t i o n  l i m i t  fo rb en z id in e  by TLC i s  300 ng/100 ml u r i n e .
(b) The range  i s  from th e  d e t e c t i o n  l i m i t  up to. 20,000 ng/100 ml ofu r in e .
(c) The UV a n d /o r  v i s i b l e  d e t e c t o r  (maximum abso rban ce ,  400 nm) has a l i n e a r  re sp o nse  up to  0 .02  mg o f  b e n z id in e  per 100 ml o f u r i n e .
Range and Sensitivity
I n t e r f e r e n c e s
(a) Any o th e r  a ro m atic  amine hav ing  an absorbance maximum a t  400 nm and an Rf v a lu e  i d e n t i c a l  to  t h a t  o f  b e n z id in e  when chrom atographed by TLC would i n t e r f e r e .
(b) Aromatic amines i n  su b s ta n ce s  t h a t  a r e  norm ally  p r e s e n t ,  in g e s t e d ,  o r  produced by m e tab o lic  p ro c e s s e s  in  th e  worker w i l l  produce a chromophore ( f a l s e  p o s i t i v e ) .
(c) E x t r a c t io n  a t  pH 5 w ith  ch lo roform  and subsequen t back e x t r a c t i o n  in to  HC1 reduce  i n t e r f e r e n c e  from o th e r  compounds.
P r e c i s i o n  and Accuracy
(a) Recovery s t u d i e s  conducted  on b e n z id in e  i n d i c a t e  70% a t  th e  500 ng/100 ml l e v e l  and a marked d e c re a se  (about 20%) a t  th e  100 ng/100 mll e v e l .
(b) The p r e c i s i o n  has  n o t  been e v a lu a te d  a t  t h i s  t im e .
Advantages and D isadvan tages
(a) The p r i n c i p a l  advan tage  i s  t h a t  th e  method i s  s p e c i f i c  f o r  a ro m atic  amines in  th e  nanogram ran g e .
(b) Another advantage  i s  t h a t  b e n z id in e  a t  300 ng/100 ml can be confirm ed by TLC in  c o n ju n c t io n  w ith  th e  method. I t  should  be no ted  t h a t  th e  TLC c o n f i rm a t io n  d a ta  does n o t  prove t h a t  th e  chromophore i s  b e n z id in e .  More r ig o r o u s  methods must be used f o r  a b s o lu te  c o n f i rm a t io n .
(c) The d isa d v a n tag e s  o f th e  method a re  th e  c o m p le x i t ie s  of th e  p rocedure  (em ulsions and lo s s e s  in  e x t r a c t i o n s ) , n o n s p e c i f i c i t y  f o r  b e n z id in e ,  and the  in c re a s e d  tim e f o r  c o n f i rm a t io n  by TLC.
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(d) A r ig o ro u s  s p e c i f i c  method fo r  b e n z id in e  in  u r in e  has r e c e n t l y  been p u b l ish ed  [3 7 ,5 9 ] .  I t  u se s  f lu o ro a n h y d r id e  d e r i v a t i z a t i o n  and e l e c t r o n  c a p tu re  gas chrom atography, b u t  r e q u i r e s  c o n s id e r a b le  more time and equipment to  perfo rm .
A pparatus
(a) S pec tropho tom ete r  c ap ab le  o f  m easuring absorbance  a t  400 nm and accommodating sem im ic rocuve ttes  (1-ml c a p a c i t y ) .
(b) C e n tr i fu g e  w ith  speed range  to  4000 rpm.
(c) R o ta to r  f o r  mixing t e s t  tu b e s  (25x200 mm).
(d) pH m e te r .
(e) TLC p l a t e s  p re co a te d  w ith  s i l i c a  g e l  and w ith o u t  f lu o re s c e n c e  i n d i c a t o r  (0.5-mm th i c k n e s s ,  E. Merck, D arm stad t ,  Germany).
( f )  Chrom atographic tan k  f o r  t h i n - l a y e r  chrom atography.
(g) UV source  f o r  re a d in g  TLC p l a t e s .
(h) Graduated c y l in d e r s  (100 m l) .
( i )  G lass  b o t t l e s  w ith  T e f lo n - l in e d  caps (180-ml c a p a c i ty ,  6-ounce s i z e ) .
( j )  V olum etric  g l a s s  p ip e t s  (2 and 5 m l) .
(k) S ep a ra to ry  fu n n e ls  (125 m l) .
(1) V olum etric  f l a s k s  (25 and 100 ml) and a 10-ml amber f l a s k .
(m) G lass  c u l t u r e  tub es  w ith  T e f lo n - l i n e d  caps (16x125 mm and 25x200mm) .
(n) M ic r o l i t e r  p i p e t s  (0 .0 1 ,  0 .1 ,  and 0 .7  m l) .
(o) N itro gen  source  f o r  c o n c e n t r a t in g  o rg a n ic  sam ples .
(p) D isp o sab le  P a s te u r  g l a s s  p ip e t s  and b u lb s .
(q) D isp o sab le  p l a s t i c  g lo v e s .
( r )  D e s ic c a to r .
(s )  P o ly e th y le n e  b o t t l e s ,  250 ml f o r  u r in e  c o l l e c t i o n .
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Reagents (A ll  r e a g e n ts  must be  ACS re a g e n t  g rade  excep t where o th e rw ise  n o t e d . )
(a) B enz id ine ,  99% ( a v a i l a b l e  from RFR C o rp o ra t io n ,  1 Main S t r e e t ,  Hope, Rhode I s l a n d  0283.1) (CAUTION: CARCINOGEN).
(b) Chloroform.
(c) 2 ,4 ,6 - T r in i t r o b e n z e n e  s u l f o n ic  a c id  (TNBS) (Eastman Organic Chem icals , re a g e n t  g ra d e ) .  100 mg TNBS per  ml of w a te r .  S ta b le  f o r  up to7 days in  th e  d a rk .
(d) Methyl a lc o h o l .
(e) Sodium h yd ro x id e ,  1 N.
( f ) Sodium c h lo r i d e .
(g) Sodium a c e t a t e  b u f f e r  pH 5 .5 ,  2 M ( r e f r i g e r a t e ) .
(h) H yd ro ch lo r ic  a c id ,  1 N and 0 .1  N.
( i ) Acetone.
( j ) Formic a c id .
P rocedure
(a) C leaning  of G lassware
(1) A ll  g la ssw are  used f o r  th e  l a b o r a to r y  a n a l y s i s  should  be t r e a t e d  w ith  chromic a c id ,  r i n s e d  w ith  tap  w ate r  and washed in  d e t e r g e n t .  The g la ssw are  i s  r i n s e d  tho ro ug h ly  in  d i s t i l l e d  w a te r  and a i r  d r i e d .
(2) Samples o f  " s p o t"  u r in e  (150 ml) a r e  c o l l e c t e d  fo l lo w in g  6 hours of su sp ec ted  exposure  to  b e n z id in e -b a se d  azo dyes .
(3) Samples shou ld  be c o l l e c t e d  in  p o ly e th y le n e  b o t t l e s  and, i fno t  ana lyzed  on th e  same day, should  be f ro z e n  u n t i l  a n a l y s i s  can be done.
(b) A n a ly s is  o f Samples
(1) One hundred m i l l i l i t e r s  of w e l l  mixed u r i n e  i s  a d ju s te d  to  pH5 .0  to  6 .0  (1 N HC1 o r 1 N NaOH) in  a g l a s s  b o t t l e  (180-ml c a p a c i t y ) .  Ac o n t ro l  u r in e  sample (100 ml) and a c o n t r o l  u r in e  sample (.100 ml) sp iked  w ith  b e n z id in e  (300-1000 ng) should  be ana lyzed  c o n c u r re n t ly  w ith  th e  unknown sam p les .
(2) Add 0 .2  g NaCl c r y s t a l s  to  th e  pH a d ju s te d  u r i n e .
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(3) The u r in e  i s  e x t r a c t e d  w ith  10 ml of ch lo roform  f o r  2m in u tes .  I f  an em ulsion i s  formed, then  c e n t r i f u g e  to  s e p a r a t e  th e  two p h ases .  The ch lo ro fo rm  f r a c t i o n  (o rg an ic  phase) i s  c o l l e c t e d  and saved.
(4) The u r in e  i s  e x t r a c t e d  tw ice  more w ith  ch lo roform  (10 m l) ,and a l l  t h r e e  of th e  ch lo ro fo rm  f r a c t i o n s  a r e  combined.
(5) R e e x t ra c t  th e  combined ch lo ro fo rm  m ix tu re  w ith  2 ml of 0 .1  N HC1 f o r  30 m inutes  on a r o t a t o r .
(6) T ra n s fe r  th e  aqueous phase (abou t 2 ml) i n to  a c u l t u r e  tube(16x125 mm) u s in g  a P a s te u r  p ip e t .
(7) Add 2 ml o f pH 5 .5  b u f f e r  and 0 .7  ml o f TNBS r e a g e n t ,  mixw e l l ,  and l e t  s tan d  f o r  15 m inu tes  a t  room te m p e ra tu re .  A re a g e n t  b lan k  i sp repa red  by adding 2 ml o f 0 .1  N HC1 to  2 ml o f pH 5 .5  sodium a c e t a t eb u f f e r  and 0 .7  ml TNBS re a g e n t  and i s  t r e a t e d  as a sam ple.
(8) Add 2 ml of CHC13 and shake fo r  1 m inu te .
(9) Measure th e  absorbance o f th e  o rg an ic  phase a t  400 nm on asp e c t ro p h o to m e te r .
(10) R e ta in  th e  o rg an ic  phase f o r  th e  benzidine-TLC c o n f i rm a t io n ,
(c) TLC C on firm ation  o f B enzidine
(1) The T N B -derivative  (ch lo ro fo rm  e x t r a c t )  i s  c o n c e n t ra te d  by ev a p o ra t in g  w ith  n i t r o g e n  to  about 0 .2 -m l a l i q u o t .
(2) Ten m i c r o l i t e r s  o f th e  a l i q u o t  i s  s p o t t e d  on a s i l i c a - g e l  TLC p l a t e  t h a t  was a c t i v a t e d  a t  110 C f o r  30 m in u te s .
(3) The p l a t e  i s  th en  developed in  c h lo ro fo rm -fo rm ic  ac id  90 :10 , volume to  volume (p rep a red  d a i l y ) .
(4) The Rf of th e  unknown amine d e r i v a t i v e  i s  compared w ith  t h a t  of a b e n z id in e  sp ik ed  d e r i v a t i v e ,  which should  always be run  as  a s ta n d a rd .  B enzidine  produces a sp o t  on th e  TLC p l a t e  hav ing  an Rf = 0 .4 1 ,  v i s u a l i z e d  by b o th  v i s i b l e  and UV l i g h t .  The sp o t  i s  ye llow  in  v i s i b l e  l i g h t  and appears  as a dark  sp o t  under UV l i g h t .
C a l i b r a t i o n  and S ta n d a rd iz a t io n
(a) CAUTION: B enz id ine  i s  a known human ca rc in o g en  and a p p ro p r ia tep re c a u t io n s  should  be u t i l i z e d  to  m inim ize exp o su re .  A ll  w as te s  in c lu d in g  ace tone  r in s e d  d i r t y  g la ssw are  should  be c o l l e c t e d  and d isp o sed  by approved methods.
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(b) P re p a re  a working s ta n d a rd  s o l u t i o n  c o n ta in in g  10 fig  o f b en z id in e  p e r  ml of m ethyl a lc o h o l .  A s e r i e s  o f b e n z id in e  sp iked  u r in e  samples a re  p repa red  from a u r in e  poo l sample t h a t  was p re v io u s ly  shown to  have l e s s  than  100 ng b e n z id in e  p er  100 ml of u r i n e .  The sp ik ed  u r in e  samples se rv e  as s ta n d a rd s  and a re  ana lyzed  by th e  c o l o r i m e t r i c  method. The c a l i b r a t i o n  curve  i s  e s t a b l i s h e d  by p l o t t i n g  b e n z id in e  c o n c e n t r a t io n  (ng p e r  100 ml of u r in e )  vs th e  absorbance  a t  400 nm.
C a lc u la t io n s
(a) The c o n c e n t r a t io n  o f th e  a n a ly te  in  th e  u r in e  sample i s  compared w ith  a s ta n d a rd  curve p rep a red  w ith  b en z id in e  sp iked  u r in e  samples as d e s c r ib e d  in  C a l i b r a t i o n s  and S ta n d a r d i z a t io n . A l l  samples a r e  read  a g a in s t  a re a g e n t  b lan k  as  d e s c r ib e d  i n  P ro c e d u re .
(b)  No c o r r e c t i o n s  f o r  e x t r a c t i o n  e f f i c i e n c y  a r e  needed s i n c e  
s t a n d a r d s  a r e  p r e p a r e d  i n  u r i n e  and b o t h  s t a n d a r d s  and s a m p le s  a r e  t r e a t e d  
th e  same w a y .
(c) I f  th e  c a l c u la t e d  c o n c e n t r a t io n  exceeds 300 ng/100 m l, th e  ch lo ro fo rm  e x t r a c t  shou ld  be ana lyzed  by TLC to  t e n t a t i v e l y  confirm  th e  p resence  o f b e n z id in e .
(d) In  t h i s  l a b o r a to r y ,  normal rangds o f u r in e  specimens from NIOSH employees n o t  exposed to  b e n z id in e  o r  a ro m atic  amines a re  r e p o r te d  below:
Number of U rine  Specimens Cone, (ng/100 ml)Arom atic Amine
10211
l e s s  than  100100  -  120  200  300
T o ta l  Number: 14.B enzid ine  was n o t  d e te c te d  by TLC.
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APPENDIX I I
NAME AND COLOUR INDEX NUMBER OF SOME DIRECT DYES 
CONTAINING THE BENZIDINE MOIETY*
B e n z id in e —B a sed  Dye C . I .  No. B e n z id in e -B a s e d  Dye C . I .  No.
1 . P y r a m id a l  Brown (LDC) 210602 . Congo GR(A) 220003 . D i r e c t  Y e llo w  24 220104 . D ia z o  V i o l e t  R 220205 . D i r e c t  Brown 86 220306 . D ia z o  Brown R E x t r a 220357 . D i r e c t  Brown 56 220408 . D i r e c t  Brown 165 220459 . D i r e c t  V i o l e t  88 2204610 . D iam in e  Brown S 2205011 . P y ra m in e  O ra n g e  3G 2206012 . P y ra m in e  O ra n g e  RR 220701 3 . P a r a n i l  B o rd e a u x  B 220801 4 . O xam ine S c a r l e t  B 2209015 . O xam ine Red B 220951 6 . O xam ine O ra n g e  G 221001 7 . D ia z o  B la c k  R E x t r a 2211018 . D i r e c t  Red 28 221201 9 . G ly c in e  Red 221252 0 . D i r e c t  O ra n g e  8 221302 1 . D i r e c t  O ran g e  25 221352 2 . D i r e c t  Dye 221402 3 . D i r e c t  Red 10 221452 4 . D i r e c t  Red 17 221502 5 . D i r e c t  Red 13 221552 6 . B r i l l i a n t  Congo G 221602 7 . D i r e c t  Dye 221652 8 . D i r e c t  Red 74 221702 9 . C h lo r a z o l  O ra n g e  2R 221753 0 . D i r e c t  Red 42 221803 1 . D i r e c t  O ra n g e  101 221903 2 . A c id  O ra n g e  45 221953 3 . D i r e c t  Red 60 222003 4 . D i r e c t  Red 43 222053 5 . Z am b esi Brown GG 222103 6 . G ly c in e  c o r i n t h 222203 7 . P a r a  G re en  BBL 222303 8 . A c id  Red 323 222383 9 . D i r e c t  Red 37 222404 0 . A c id  Red 85 222454 1 . D i r e c t  Y e llo w  1 222504 2 . C lo th  O ra n g e 222554 3 . B r i l l i a n t  D i r e c t  O ra n g e  G 222604 4 . M o rd a n t D y e -C lo th . Brown R 2227Q4 5 . P a l a t i n e  Chrome Red RX 222754 6 . D i r e c t  Red 18 222804 7 . C lo th  Brown G 222854 8 . D i r e c t  Red 52 222904 9 . O zam ine M aroon 2230050 . D i r e c t  R ed 29 223055 1 . D i r e c t  Red 33 223065 2 . D i r e c t  Red 1 223105 3 . D i r e c t  Brown 2 223115 4 . D i r e c t  G re e n  60 22315
5 5 . D ia z o l  Brown MA 223205 6 . D i r e c t  G re en  2 1 :1 223225 7 . D i r e c t  Brown 60 223255 8 . T r i a z o l  Red 6B 223305 9 . D ip h e n y l  Brown RN 223356 0 . D i r e c t  Brown 58 223406 1 . D i r e c t  Brown 59 223456 2 . D i r e c t  Red 88 223606 3 . D i r e c t  O ran g e  1 223706 4 . D i r e c t  O ra n g e  1 223756 5 . D i r e c t  O ran g e  2 223806 6 . D i r e c t  O ra n g e  33 223856 7 . A l k a l i  Y e llo w  R 223906 8 . W ool Red G 224006 9 . D i r e c t  Red 53 224057 0 . D i r e c t  Y e llo w  20 224107 1 . O xam ine Red BN 224157 2 . D i r e c t  Red 59 224207 3 . D i r e c t  O ra n g e  1 2243074 . D i r e c t  V i o l e t  43 224407 5 . D i r e c t  V i o l e t  3 224457 6 . D i r e c t  V i o l e t  42 224507 7 . D i r e c t  B lu e  230 224557 8 . D i r e c t  V i o l e t  27 224607 9 . D i r e c t  V i o l e t  17 224658 0 . D i r e c t  V i o l e t  36 224708 1 . D i r e c t  B lu e  16 224758 2 . D i r e c t  V i o l e t  22 224808 3 . D i r e c t  B lu e  19 224858 4 . D i r e c t  B lu e  58 224908 5 . N a p h th a m in e  B lu e  3R 224958 6 . D i r e c t  Red 44 225008 7 . D i r e c t  B lu e  42 225058 8 . D i r e c t  V i o l e t  45 225108 9 . D i r e c t  V i o l e t  85 225209 0 . A l k a l i  P a r k  Brown G, VA l k a l i  Red Brown RR, 3R , T 22530
9 1 . D i r e c t  B lu e  49 225409 2 . D i r e c t  G rey  R 225459 3 . D i r e c t  V i o l e t  12 225509 4 . D i r e c t  V i o l e t  4 225559 5 . D i r e c t  B lu e  48 225659 6 . D i r e c t  V i o l e t  1 225709 7 . D i r e c t  B la c k  29 225809 8 . Naphthamine Black RE/N a p h th y la m in e  D ia z o  B la c k 22585
99 . D i r e c t  B lu e  2 225901 0 0 . D i r e c t  B lu e  64 225951 0 1 . D iam in e  N i t r a z o l  G re e n  BB 226001 0 2 . N a p h th a m in e  B lu e  2B 2260510 3 . D i r e c t  B lu e  6 2261010 4 . D i r e c t  B la c k  15 2262010 5 . D i r e c t  B lu e  177 2262510 6 . D i r e c t  V i o l e t  38 22630
52
107. D i r e c t  Dye 22640108. D i r e c t  Brown 7 30035109. D i r e c t  Brown 171 30040110 . D i r e c t  Brown 1 3004511 1 . D i r e c t  Brown 79 30050112 . D i r e c t  Brown 61 3005511 3 . D i r e c t  Brown 20 3006011 4 . D i r e c t  Dye 3006511 5 . D i r e c t  Brown 158 30070116. D i r e c t  Dye 3007511 7 . D i r e c t  Dye 30080118. D i r e c t  Dye 30085119. D i r e c t  B lu e  38 3009012 0 . D i r e c t  Dye 30095121. D i r e c t  Brown 17 3010012 2 . D i r e c t  Dye 3010512 3 . D i r e c t  Brown 1 :2 3011012 4 . D i r e c t  Dye 30115125. D i r e c t  Brown 154 30120126. D i r e c t  Brown 68 3012512 7 . D i r e c t  Dye 3013012 8 . D i r e c t  Brown 5 3013512 9 . D i r e c t  Brown 6 3014013 0 . D i r e c t  Brown 95 301451 3 1 . D i r e c t  Brown 175 3015013 2 . D i r e c t  Brown 21 30155133. D i r e c t  Dye 3016013 4 . D i r e c t  Brown 173 3016513 5 . D i r e c t  Dye 301701 3 6 . D i r e c t  Dye 3017513 7 . D i r e c t  Dye 301801 3 8 . D i r e c t  Dye 3019013 9 . D i r e c t  Dye 301951 4 0 . D i r e c t  Dye 302001 4 1 . D i r e c t  B lu e  43 3020514 2 . D i r e c t  Dye 3021014 3 . D i r e c t  Dye 3021514 4 . D i r e c t  G re e n  39 3022014 5 . D i r e c t  G re e n  58 30225146. D i r e c t  Dye 30230147. D i r e c t  B la c k  38 30235148. D i r e c t  B la c k  11 30240149. D i r e c t  B la c k  4 30245150. D i r e c t  Dye 3025015 1 . L e a th e r  Dye 3025515 2 . A c id  B la c k  69 30260153. D i r e c t  B la c k  41 None15 4 . D i r e c t  Dye 302651 5 5 . D i r e c t  B la c k  131 302701 5 6 . A c id  B la c k  66 302751 5 7 . D i r e c t  G re e n  1 302801 5 8 . D i r e c t  G re en  10 302851 5 9 . D i r e c t  G re en  12 302901 6 0 . D i r e c t  G re e n  6 302951 6 1 . D i r e c t  Bye 303001 6 2 . D i r e c t  G re e n  19 303051 6 3 . D i r e c t  G re e n  9 3031016 4 . D i r e c t  G re en  8 3031516 5 . D i r e c t  Dye 30320166 . D i r e c t  Bro\rci 75 3032516 7 . D i r e c t  G re e n  7 3 0 33016 8 . D i r e c t  Dye 3033516 9 . A c id  B la c k  94 3033617 0 . D i r e c t  B lu e  51 30340
1 7 1 . D i r e c t B la c k 14 3034517 2 . D i r e c t B lu e  11 303501 7 3 . A c id  B la c k  70 3035517 4 . D i r e c t Dye 3036017 5 . D i r e c t Brown 151 316851 7 6 . D i r e c t Dye 3169017 7 . D i r e c t Dye 3169517 8 . D i r e c t Brown 24 3170017 9 . D i r e c t Brown 57 3170518 0 . D i r e c t Brown 51 3171018 1 . D i r e c t Dye 317151 8 2 . D i r e c t Brown 62 317201 8 3 . D i r e c t Brown 27 317251 8 4 . D i r e c t Brown 26 317301 8 5 . D i r e c t Brown 54 317351 8 6 . D i r e c t Brown 10J 317401 8 7 . D i r e c t Dye 317451 8 8 . D i r e c t Brown 190 31750189. D i r e c t Brown 159 317551 9 0 . D i r e c t B la c k 40 317601 9 1 . D i r e c t Dye 317651 9 2 . D i r e c t Dye 317701 9 3 . D i r e c t G re en 22 317751 9 4 . D i r e c t Dye 317801 9 5 . D i r e c t Brown 46 317851 9 6 . D i r e c t G re en 21 317901 9 7 . D i r e c t Dye 317931 9 8 . D i r e c t Dye 317951 9 9 . D i r e c t Dye 318002 0 0 . D i r e c t Dye 318052 0 1 . D i r e c t B la c k 27 318102 0 2 . D i r e c t Dye 318152 0 3 . D i r e c t Dye 318202 0 4 . D i r e c t Dye 318252 0 5 . D i r e c t Dye 318302 0 6 . D i r e c t D ye 318352 0 7 . D i r e c t D ye 318402Q 8. D i r e c t Dye 318452 0 9 . D i r e c t B la c k 83 3 185021Q. D i r e c t D ye 318552 1 1 . D i r e c t Brown 350602 1 2 . D i r e c t Dye 350652 1 3 . D i r e c t Dye 350702 1 4 . D i r e c t B la c k 350752 1 5 . D i r e c t D ye 3 50802 1 6 . D i r e c t B lu e  131 350852 1 7 . D i r e c t Dye 352402 1 8 . D i r e c t Dye 354002 1 9 . D i r e c t B la c k 100 354152 2 0 . D i r e c t Brown 33 3 55202 2 1 . D i r e c t Brown 70 355302 2 2 . D i r e c t Brown 73 355352 2 3 . D i r e c t Dye 356502 2 4 . D i r e c t Brown 31 356602 2 5 . D i r e c t Brown 43 3 57002 2 6 . D i r e c t Brown 13 3 57102 2 7 . D i r e c t Brown 14 357152 2 8 . D i r e c t Brown 215 357202 2 9 . D i r e c t D ye 3 590023Q. D i r e c t Brown 25 3 60302 3 1 . D i r e c t Dye 3 60402 3 2 . D i r e c t D ye 362102 3 3 . D i r e c t Brown 74 363002 3 4 . D i r e c t Brown 111 None2 3 5 . D i r e c t B la c k 31 112 3 6 . R e s in  F B la c k  WP »T
*Synonym s an d  t r a d e  nam es a r e  l i s t e d  I n  t h e  C o lo u r  In d e x  [1 ]
A d a p te d  fro m  r e f e r e n c e s  1 , 4 3 , (E A n g s ta d t ,  w r i t t e n  c o m m u n ic a tio n , J a n u a r y  1979)
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APPENDIX III





















. 3-Amino-2,7-naphthalv\edisuIfonic acid 
Benzidine^ Phenol;then exteri/y the hydroxy group v ith  p-toluenetulfonyl chloride
2429-80-3 Not reported; Not listed
less than 3 
manufacturers
Dyeing of cotton, silk, nylon, Unknown 
and leather; heavy metal salts
used as pigments
C.I. Acid Red 85 (Yellowish red) 22245 
H OH,C<^>SOI- 0 < ^ > - N = N-<N*0,S<^
I*) Phenol; BO»Na
Benzidine/
* (» G  acidthen esterify the phenol hydroxy group with p-toluenesulfonyt chloride
There are closely related dyes in which benzidine may be replaced 






Dyeing of cotton, wool, silk, 
nylon, and viscose; Viqoureux 
printing
525




H,C N aO jS^^/ - \ ^ / !SO,Na ^
u) Toluene-2,4-diamine
ienzidine<T
<0 (acid) H  acid (alk.) (*) *- Aniline
2429-83-6 26,444(1978) Not listed Dyeing of cotton, wool, silk, Unknown 
nylon, leather, and paper
Aqueous solution +  HC1 cone. —  corinth ppt; 
NaOH conc. —  greyish blue ppt.
C.I. Direct Black 38 (Black) 30235
HjN OH
/- N  = NY/ '"'|//N'V N  ~ N-- N a 0 a S ^ / '\ J S 0 ,N a
Benzidine^
(*) m-Phenylenediamine
(0 (acid) H  acid (alk.) (») •*- Aniline
1937-37-7 3,760,000(1976) 70,753(1976)
RTECS No. 823,000(1978) 49,525(1977)
JM7170000 170,442(1978)
Dyeing of leather, plastics, 13,072 
cotton, wool, and silk; aqueous 
inks, biological stain; wood 
flour used as a resin filler, 




Chemical Structure No. [1]
C.I. Direct Blue 2 (Dull Blue) 22590
H,n/ Y V » 8N-k A /80-**
Benzidine^
OH _  H O  NH,
\_«Na ^  — Na CHS ^ / ' ^ y ' S Oj Na  
(*) (alk.) Gammi acid 
* (0 (alk.) H  add
C.I. Direct Blue 6 (Blue) 22610
H tS  O S  H O  NH,
r^yS-N=n- ^ v O " k=N a O .S ^ /^ J S O .N a  —  NaO,S,N^ / As^ / JSO,Na
Benzidine ZZ (°^ -) H  add (2 mol.)
Aqueous solution +  HC1 cone. —  navy blue, ppt;
+  NaOH conc. —  dark violet, ppt.
Ln
Ul C.I. Direct Brown 1 (Brown) 30045
NaOOC_» o - » - K > 0 - '2 i ( ) s £ * < I > « fc
(■) Salicylic acid
Benzidine -T
(t) [m-Phenylenediamine (odd) ■*- Sulfaailic acid]
C.I. Direct Brown 2 (Reddish brown) 22311
NaOOC h o
NaO,
. (>) Salicylic acid 
Benzidine<f
Í») («¿A.) Ganuna acid
C.I. Direct Brown 6 (Brown) 30140
NaOOC O H
k  Jo H
(>) Salicylic add
Benzidine
{*) Resorcinol (*) Sulfanihc acid
This sequence of operations, which is that recorded for Congo 





















Imported No. of Workers
lb/y Uses Exposed**
38,478(1976) Dyeing of cotton, leather, 1,958
30,755(1978) and paper
4,409(1978) Dyeing of leather, cotton, 832
silk, paper; aqueous writing 
inks, biological stains
4,409(1978) Dyeing of leather, paper, Unknown
silk, nylon, wool and cotton
18,739(1976) Dyeing of leather, paper, 106
2,205(1977) silk, nylon, wool, and cotton;
heavy metal salts used as 
pigments
8,563(1978) Not listed Dyeing of leather, paper, Unknown

























O-Phenylsulfonyl 2R add);then kydrolyte the benzemesulfome ester group
(*) «- Naphthionic add
(In some brands 2R add is used insteed of its O-phenylsulfonyl derivative* 
as in C.I.35650)
37,406(1978) Not listed Dyeing of leather and paper; 
heavy metal salts used as 





C.I. Direct Brown 59 (Blackish brown) 22345
HONaOOCHO\/ >-N = N
Benzidine/*
* o c > i a 0 0 « o
{*> Salicylic acid
(*) (alh.) iV-Phenyl Gamma acid
Not listed Dyeing of cotton, wool, and 
silk; leather; occasional use 
on chrome and vegetable tannages






[ «,(*) Salicylic i Benzidine ('(•I 1,6(and 1;acid,6(and l,7)*Cleve’s acid
K" hf > ï s^ î,sNO < > s=',- O 0H
eo.Na
J{2 mol.) (•) [Phenol (2 mol.) 4,8-Diamino-2,6-naphthalenedisulfonic add]
Dyeing of cotton, wool, silk, 
leather, chrome tannage 
(occasional)
HNO» conc. —  dull red solution, turns yellow brown 
Aqueous solution +  HC1 conc. —  brownish yellow to olive ppt; 
+  NaOH conc. — orange brown
C.I. Direct Brown 95 (Reddish brown) 30145 




<*) [Copper complex formed at * from 2-Amino-t- 
phenol-4-sulfonic acid -* Resorcinoi]











Dyeing of cotton, wool, silk 
paper, plastics, and leather; 






Chemical Structure No. [1]
C.I. Direct Brown 111 (Reddish brown) No C.I. No. 
Structure Unknown
C.I. Direct Brown 154 (Brown) 30120





[Tohiene-2,4>di amine Sulfanilic acid]
C.I. Direct Green 1 (Dull green) 30280Ln
^  ^  _  K.N ° HhoO - n
(*) Phenol
Benzidine/
(*) (acid) H  add (alk.) <») *- Aniline
C.I. Direct Green 6 (Dull green) 30295
H O  NH,H 0 < > - - < > O - ^ / ' r \ ^ - O N  O,
. (i) Phenol 
Benzidine/
(0 (alk.) [H-acid (acid) p-Nitroaniline]
Aqueous solution J- HCI conc. —  dull bluish green ppt; +  H,SO. 
(10%) —  bluer; +  N a O H  conc. —  dark green to olive
C.I. Direct Green 8 (Dull green) 30315
NaOOC HO  NH,HO<^ ) - N  = N - ' ^ ^ ^ y N  = N - / \ / \ - N  = N K f~ S>NO, N“ /  N- /  N * 0»S \ '/
(>) Salicylic acid
Benzidine<^




















Imported No. of Workers
lb/y Uses Exposed**
Not listed Dyeing of cotton and leather; Unknown
chrome tannage (occasional)
Dyeing of cotton, wool, silk, 322
leather, and paper; direct 
printing on cellulosic weave 
and silk fabrics
Dyeing of cotton, wool, silk, 1,850 
nylon, leather, and paper; 
aqueous inks; direct printing 
on cellulosic, silk, and nylon 
fabrics
4,659(1978) Dyeing of cotton, wool, silk, 1,095
and nylon; aqueous inks, 
pigments, leather, paper, 
and soap; direct printing 
on nylon
Not reported; 250(1977) 
less than 3 
manufacturers
Dyeing of cotton, wool, silk, Unknown 





Direct Orange 1 (Yellowish 22370
orange)***
n .o o c  h o c - n O s o .n .H0\_>N=NO O N-*-‘:
COOK«




Direct Orange 8 (Reddish orange) 22130




° i  i *  acid is replaced by 2,3-cresetka n d (C.I.22140) tmdpart o f the naphthiomc and  by other ammomaphthalem- ndfonu aads (C,1.22165)




*<*J (acid) Gamma acid
Direct Red 10 (Bordeaux) 22145
NH.




(>) Naphthionic acid 










Produced Imported No. of Workers
lb/y lb/y Uses Exposed**
Not reported; Not listed Dyeing of cotton, wool, silk, Unknown
less than 3 nylon, paper, and leather
manufacturers direct printing on celluloslcs
and nylon
86,000(1976) 4,066(1976) Dyeing of cotton, wool, silk,
27,208(1978) nylon, and paper
132,000(1975) 4,409(1977) Dyeing of cotton, wool, silk, 55,508
26,370(1978) nylon, paper, and leather
Not reported; 100(1975) Dyeing of cotton, wool, silk, Unknown





Chemical Structure No. [1]
C.I. Direct Red 13 (Bordeaux) 22155
80,Ka
(>) N a p h th io n ic  ac idB e n z id in e ^
(*) {acid) Gamma acid 
(In Diamine Bordeaux N  (By) parr of the Gamma acid was replaced by} a c id )
C.I. Direct Red 28 (Yellowish red) 22120Ui
Classical name Congo Red
CO
n h , h ,n
S O » N f t  N a O j S
Benzidine ZX Naphthionic acid (2 mol.)
Soluble in water (yellowish red) and ethanol (orange); very slightly 
soluble in acetone 
H,S04 conc. —  deep blue; on dilution -—  paler blue, blue ppt. 
Aqueous solution +  HCI conc. —  reddish blue ppt; +  Acetic acid —  
bluish violet, then reddish blue ppt.; +  NaOH conc. —  yellower

























less than 3 
manufacturers
Not listed Dyeing of cotton, wool, nylon, 1,640 
paper, and leather (chrome 
tannage); printing of 
cellulosics
37,327(1978) 11,000(1974) Dyeing of cotton, wool, silk, 523
33,069(1978) and paper; biological stain
and indicator; (first synthetic 
direct cellulose dye)
63,000(1975) Not listed Dyeing of cotton, wool, silk, 1,052
leather and paper; direct and 




















Colour Chemical Total Total Estimated
Index Abstracts Produced Imported No. of Workers
Chemical Structure No. [1] Service No. lb/y lb/y Uses Exposed**
C.I. Direct Violet 1 (Violet) 22570 2586-60-9 Not reported; Not listed Dyeing of cotton, wool, silk, Unknown
less than 3 leather, and paper; biological
NH, h *n  manufacturers stain
B r 0 0 ^N*°>s M o.n.
Benzidine It (acid) Gamma acid (2 mol.)
C.I. Direct Violet 22 (Bluish violet) 22480
N*0»8 O H  H O
BenzidinCv





Dyeing of cotton, wool, 
silk, nylon, leather
O'O C.I. Direct Yellow 20 (Yellow)
N*OOC__ _ _
H O \  ^ ^>-N = X-'
H*C





Aqueous solution -f HCl conc. —  brownish yellow, ppt; 
NaOH conc. —  reddish yellow, ppt.







Dyeing of cotton, silk, 
wool, nylon, leather
Dyeing of textiles, 
especially those subsequently 
finished with resins
*This table lists the benzidine-based dyes that were reported as being commerically available by DETO [46] and reported as 
produced or imported by the US International Trade Commission (ITC) [3,42] or those*$o which potential exposure was 
found f441. If less than three manufacturers make a dye, ITC does not publish the production figures.
**A discussion of limitations of the estimation of worker exposure is contained in reference 44.
***This dye may also be synthesized with cresotic acid in place of salicylic acid. The Colour Index designates both dyes 
as Direct Orange 1.
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